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ITRS — cleans challenges
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The cleans process fragmented:
the simple model
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The cleans process fragmented:
the full model
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Problem: comparison of different

chemistries
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Future trends for surface tension &
contact angles

[=2]
o

—y=30mN/m, 6=30deg
y=40mN/m, 6=30deg /
— y=50mN/m, 6=30deg

Laplace pressure
Pp=c12X4Xxcosald

H a
o o

><'
N

w

o
sure [atm]

/
N

—y=30mN/m, 6=10deg

/ v=30mN/m, 8=30deg /
’7 — y=30mN/m, 6=60deg /

160 140 120 100 80 60
Via radius [nm] /

(2
(3]

T
»
o

N
(2]

N
(=]
pressure [atm]

-
o

Target for future cleans / =0
solutions: Increase of contact -
. angle
Surface tension < 35mN/m ‘ ‘ ‘ ‘ ‘ ‘ ‘ 0
160 140 120 100 80 60 40 20 0
& contact angle 35-60 deg oL
SEMATECIV

12/07/2005 6 Accelerating the next technology revolution.



Solubility: resist removal on p-MSQ

DI water: no effect

PCL# 041130006 W# 4100527A-01 Sample 01 9 1 CMP

1 1 1
NL-4700-1 5.0kV 3.5mm x50.0k SE(U) 12,1’3.-"04 1.00um

PCL# 041130006 W# 4100527 A-01 Sample 18 9 1 CMP

NL-4700-1 5.0kV 3.7mm x50.0k SE(U) 12!3!04 1.00um

PCL# 041130006 W# 4100527 A-01 Sample 09 9 1 CMP
1 1 1 1 1
NL-4700-1 5.0kV 4.1mm x50.0k SE(U) 12}'3}'04 1.00um

SEMATECH
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Solubility experimental results

The experiment indicates a region (yellow points) where the ratio of the
Hansen’s parameter have to be located to remove photoresist.
Unfortunately crust and polymers are not addressed.

2-Butanone medium effect
total removal
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SEMATECH
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Characterization of the cleans chemistry
Dissolving parameter analysis theory

Basic properties of solution
Hansen parameters influencing the other parameters

Availability of protons / hydroxide
Acidity lons attacking solids and
influencing parameters below

Fluoride activity Attacks silicon-based materials

Redox potential Attacks organic and metal-
based material

latin
Chelat 19 Improve solubility of metal ions
properties
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Characterization of the cleans chemistry
Dissolving Hansen parameter model

Solubility parameters
TEAS-plot

Water

Methanol

Ethylene glycol
Acetronitrile
1-Propanol

Acetic acid
Acetone
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Metyl-ethyl-ketone
10 Tetrahydrofuran

11 n-Propylamine

12 Cyclohexanone

13 n-Butyl acetate

14 o-Xylene

15 Toluene

16 Carbon tetrachloride
17 Hexane

18 Problematic compound
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According to model, the alternative compound might be an alternative
to the problematic compound, keeping all other compounds constant.

SEMATECH
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Characterization of the cleans chemistry

Dissolving Hansen parameter result

12/07/2005

20K

Before
cleaning
(wafer edge)

Old version

Encouraging result!
New version containing alternative solvent could

remove polymers from via bottom. Electrical test follows. SLEM ATECTH )
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Characterization of the cleans chemistry
Dissolving data exchange tool |

Chemistry property calculator V2.1

Solvent
Compound CAS No |IONo wt %

1|water 7732-18-5 869 25
2|Ethanol 64-17-5 768 25
3|glycerol 56-81-5 679 50

4 0 0

5 0 0

6 0 0

7 0 0

8 0 0

9 0 0

10 0 0

11 0 0

12 0 0

13 0 0

14 0 0

15 0 0

[Chelating Potential | | |

|Oxidizing Potential llevi | |

[Acidity pH ] |

I |

IFluoride concetration |[mol/l]

recommended Temperatur range

low high
20 60

measured surface tension part

dispers polar
13 25

measured viscosity

The database contains at the moment 1000
compounds (solvents), which could be

Supplier puts in formulation and
measurement data

12/07/2005
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Characterization of the cleans chemistry
Dissolving data exchange tool li

Parameter List

TEAS parameters

fd 22.3
fp 24.6
fh 53.1

Cheletang Potential
| | J

Oxidizing Potential

[[eV] | J

Fluoride Concentration

lImol/] | o]

recommended Temperature range

low [C] high [C]

20 60

measured surface tension

dispers [MN/m] polar [mN/m]

13 25

Viscosity

1.3|

Only the calculated and measured data
are delivered to the customer.
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Fluoride activity — concentration effects
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From Bill Wojtczak SACHEM INC.: SPCC, Austin, 2005. | 3- Mathematical description for the correlations

Etch Rate (NR,")(HF,) (nominal) in H,0 Based on the original data provided by
versus Total [F] (Molality)-23 C @ 10 min

B. Wojtczak / Sachem Inc. a difference between

P s HF diluted HF and bifluorides could be quantified:
s TMA 1. HF reacts in a first order; this means a linear
T - TEVA correlation between F" concentration and
o = - TEA etch rate.
o m TPA

2. All bifluorides react in a second order; this
means a linear correlation between nominal

seTiA (F- concentration)? and etch rate

—

0.2 0.4 0.6 0.8 1 1.2 | o DDTMA

available

Impact on semiconductor manufacturing:

Fluoride Buffer System

12/07/2005

1. Bifluorides provide a suitable low level etch rate as a substitute for diluted HF.
2. Because of the lower slope in the correlation, the etch rate of solutions based
on bifluorides should be less affected by fluoride consumption and therefore
more stable.
3. Bifluorides offer a tuning capability due to the counter ion (ternary amine). )
iRITIMT E%IT,
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Characterization of the involved solids
Material parameters

With the introduction of carbon containing (mostly as Methyl-groups)
materials, the history of a surface has much greater influence than
before.

Wetting: Free surface energy

Each of the involved materials has to be characterized to determine
the limit to which they can withstand the characteristic parameters of a
liquid.

Parameters for dissolving/damage are as follows:
- Solubility parameters (Hansen)
- Acidity
- Fluoride activity

- Redox potential

- Chelating properties =CI;V
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Characterization of the involved solids
Wetting-polar and disperse part of surface tension

Influence of Ash conditions on free suface energy

W/ 
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free surface energy contribution [mN/m]

all

dispers

untreated l?l-zl\c?iQZ p-MSQ
NH3 / N2 p-MSQ

i ashed He / 02 dense CVD
p-MSQ: porous Methylsesquioxenen Eed e untreated
Ash condition SEMATECH
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Characterization of the involved solids
Wetting-polar and disperse part of surface tension

Influence of Ash conditions

70.01/

60.0

50.0
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30.0

20.0

10.0

contribution to free surface energy [mN/m]

0.0

LPBO

untreated LPBO
N2 /H2 LPBO
NH3 /N2 LPBO

Ash condition He /02
LPBO: late porogen burn out SEMATECH

12/07/2005 17 Accelerating the next technology revolution.




Characterization of the involved solids

Solvent system (plain or mixture)

—p | given solvent system

S

WS

000 025 050 075 1059 Chelating
dispers

redox

F-activity

Stability area
material 1
acidity

Stability area
material 2

SEMATECH ;

12/07/2005 18 Accelerating the next technology revolution.




Characterization of the involved solids
How to use (neglecting interactions)

redox

A mixture Sl

characterized by this
parameter will attack

both materials \-

F-activity

Stability area

material 1
acidity
Stability area
material 2
A mixture characterized A mixture
by this parameter will characterized by this
remove material 2 but parameter will attack
leave 1 untouched none of the materials

SEMATECH ;
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Characterization of the involved solids
Regarding interactions overall rules

The solvent is influencing and is influenced by the other parameters.

e.g., Protonation of amine groups, deprotonation of carbonic acid groups

A Chelating
A property

acidity <A ?

redox
Chelating TT? potential
property
< A

redox
T potential

acidity

<

12/07/2005

Because protons compete with
metal ions, the chelating property
normally drops at higher acidity.

The better reaction products like
metal ions get dissolved, the lower
the redox stabillity.

Depending on the system, acidity
has a large effect on the redox
potential.

SEMATECIV
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Summary |

For

- faster

* resource saving

» cheaper

* |P safer

For development, it is necessary to have an
 formulation independent

« standardized

way to describe cleans chemistries.

SEMATECIV
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Summary lI

A parameter set to describe chemical formulations has
been developed. These consist of

- Solubility parameters (Hansen)
- Acidity

- Fluoride activity

- Redox potential

- Chelating properties

The concept of material stability areas was introduced.

A calculator has been developed to calculate the Hansen’s
parameter of the solvent part of mixtures. An encouraging
result has been achieved.

SEMATECIV
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Future work

The interactions among the parameters have to be
Investigated, especially

- Acidity-Redox-Solvent
- Acidity-Solvent-Fluoride Activity
- Acidity-Chelating-Solvent

The stability areas of all materials used in semiconductor
manufacturing must be acquired.

The measurement techniques for the parameters must be
standardized.

SEMATECIV
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