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as a fourth
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a Supercritical Fluid? SCFluids

A supercritical fluid can be considered
state of matter with combined properties of both,
i gas and liquid.

solid
liquid

supercritical
gas

|

Is superior to conventional solvents for certain classes of chemicals.

"supersolvent"

Solubility power can be modified and adapted.
Can dissolve nonpolar solids.




Candidates for Supercritical Fluids ¢ i
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Critical Critical
Temperature Pressure

[°C] [psi]

Methane (CH,) -82.4 667.2

Propane (C,Hg) 96.8 616.4
Methanol (CH5;-OH) 240.1 1173.4

Isopropanol (CH3;-CHOH-CH,) 235.8 690.4
Carbon Dioxide (CO,) 31.1 1070.4
Ammonia (NH;) 132.4 1646.2
Water (H,O) 374.4 3208.2
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Why Supercritical

Cyclohexane

Acetone
Acetonitrile

Benzene

Chloroform

CO, has a low critical point.

CO, dissolves readily many substances.
= I\/I%hanol

C0Og's solubility power can be enhanced.

CO, is-environmentally friendly and not rated.

-
CO.* SCFluids

Salicylaldehyde

|sopropyl alcohol

Toluene

Nitrobenzene

Gasoline
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Advantages of SCCO,

T
SCFluids

No hazardous waste generated
Low toxicity

NSn-fIammabIe

Non-corrosive

Very inexpensive

Low viscosity

Low surface tension
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Carbon Dioxide SCFluids
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Critical Values

— Critical temperature = 31°C (85°F)
— Critical Pressure=73.8 atm (1070ps)

No dipole moment
L arge Quadrupole moment

CO, hasboth acidic and basic sites
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Supercritical Fluid Technology Applications S[I?ILIIIL::;E

Photor esist
Strip/
Residue Removal

Deposition MEMS
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Current Application: MEMS Drying SCFluids

MEMS = Micro Electro Mechanical Structures

Problem: Liquid Bridging or STICTION

Stiction is due to the surface tension effects of trapped capillary

liquids upon drying.

F.o= yhA (cos.G)1 +c0s0O, ) Y(H,0)=72dynes/cm, y(SCCO,)=0

7
277

Z

Development of stiction
upon evaporation of
the rinsing liquid.
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MEMS: Process Results SCFluids

7 we 5 C7? W22 CA2 C02 LINE #1 mC? We2 CA2 c02

10KV X 700 U 578 Ce 20KV xmmuo 18U 826 ce 20KV %2100 16U 581

Bimatérial 2 .S .
Bimaterial 1

1-4 CHIP 4 68 MINS.
186U 814 RC2
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Photoresist/Residue Removal

Sol\

Rir

State-of-the-art Stripping Technology
and Residue Removal
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— SCFluids
Enabling Technology ~Why? Part 1

W ater /Solvent

/

Viahole/trench  Sidewall Polymer
Wet Process CO, Process

De-bonding of residue
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Road Block to Cleaning
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<0.18 Features with Liquids

¢+ Surface Tension

+ Capillary Force

A,
SCFluids




Side-Wall Polymer/Residue Removal il

R SCFluids
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!¢ Silloxanes

(Compositions)

¢ Fluorinated Hydrocar bons

CF(N)- MX Sl Oy’?

¢ Elemental Al or Refractory Metal or Cu




Side-Wall Polymer/Residue Removal SCFluids
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(Chemistries)

¢ SCCO, + Co-Solvent
¢ SCCO, + Co-Solvent + Chelating Agent(s)

Decompression Techniques
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Process Results: Metal Pattern (TiW) ¢cFuids

SC Fluids, Inc., 472 Amherst Street, naghua NH 03063, U.SA., phone: +1 603 883 5200, fax: +1 603 595 6993

Prestrip: 5000 A of resist

Result: Photoresist and sidewalls removed, no loading effect

'[xlsa Tee. Belie JEM5 904

processed with CO,
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Enabling Technology - Why? Part ||
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Particulate Removal -
[
A
COZ/surfactant fﬁ;,._ < .E_ﬁ_ﬁh' -
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Changing Zeta Potential




Examples of Particle M or phology
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Wafer w_a.n H#25

O M B

ST
SCFluids

afer Fost X Post Y | TencorSi ze | SEM Size(um) Gain Content (SEM/EDX)
lAnalysis SI#10 1 77753 189956 268.6 7.28 normal Si,0
Box D Slot25 expand Si,C
2 35639 134713 3824 41.4 normal Si
expand SI,C
3 39299 71064 268.6 7.14 normal Si
expand Si,C
E 32584 33351 2586 9.48 normal Si
expand Si.C
] 131021 54587 280.7 6.21 normal Si
expand Si,C
5] 134082 142740 261.1 12.43 normal Si,Fe Cr,0, Ni
== expand Si,Fe.Cr
7 124651 158035 2771 513 normal 50,0
expand Si.C
B 125697 171080 324 .4 9.87 normal Si,0
expand Si.C
9 115564 155880 2735 Mot Foun d
SMoid1S Partiche 71 SlniA S Martiele ¥1 Slnin1s Particle 7 S PR FhaBLE Pl B FOE TR

kil 8 Furricha @7

a1 Farich =
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Particle Removal _
SCFluids

¢ “Engineered” Surfactantsto Change Zeta Potential

R & D Required

¢ Screen and Select Cationic and Amphoteric
Surfactants

¢ Study Surface Forces

¢ Electro Kinetics and Colloid Behavior s of
Surfactants
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Enabling Technology - Why? Part 111 SCFluids

gl Compatibility/Selectivity With Low-k Technology [

< Post-RIE Residue
CO2/cosolvent ... -t

1. Photoresist

Oxidation of Cu
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Co-Solvent and Surfactant Mixturein SCCO, SCEluids

General Comments:

¢+ Many substances dissolve in SCCO, (principally organic)

¢ Both organic acid and bases are soluble in SCCO,

+ Mixtures can be made with “other” supercritical fluids and organic and
metal-organic compounds, in combination(s)

¢+ Solubility of these compounds (parameters) are generally 1 - 8%

¢+ Mixtures move the “critical values’, or the critical point of CO,,
(T crit and P crit), to higher values.
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Manufacturing Tool Concept SCFluids

Standard Cluster Tool
Platform

Isolation Valve
(MESC standard)

Cassette of Wafers
(Open Cassette or
SMIF compatible) ; : /
Loading I // \
Chamber
O
Receiving
Chamber l
{
Chamber Door @

Module

Central Handling Robot
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Process & Instrumentation Diagram
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Chiller/
Air Knock-out

Hydrocarbon
Knock-out

CO2 Working

Al
SCFluids

Co-Solvent

Metering Pump

>

CO2 Pump
CO2 Make-up

im} I +
rrecricalci

Separator

Process Vessel

e

End Point
Detection

e

open position
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APPLICABILITY OF SC FLUIDS FOR 300mm WAFER:

APPLICABILITY

Since SCCO, Technology isNOT Plasma or Vacuum-Based:

¢ |sostatic Pressure (No AP on Wafer)
¢ NoRIELag

¢ No Loading Effects

¢ No Uniformity Gradients

¢ No Mass Transport Issues
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Benefits of SCCO:2 Technology SCFluids

YYVYYVYVYYVYYVYY
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Benign Process Temperature (50-150°C)
Non-toxic/non-flammable process media

No environmental or employee health hazard
No hazardous waste disposal

No water consumption

Small footprint

Extendable to 300 mm wafers

Dry-to-dry process

Applicable to photoresist stripping, side wall

polymer, particle removal,and deposition
(future work)

Viable for low-k dielectrics (no change in “k” value)

Enabling technology for <0.18 um structures
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Contact Information:
David J. Mount
phone: 603-598-0408 x 303
e-mail:
Laura B. Rothman
phone: 603-598-0408 x 388
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