Session 1 Presentation 4

TeStCO nx 2025 Contact Technology

ADVANCED CO, SPRAY TECHNOLOGIES
AND THEIR EFFECTIVENESS FOR IC
SOCKET CLEANING APPLICATIONS

Nelson W. Sorbo
Cool Clean Technologies LLC

— JestConX @)OU

Mesa, Arizona e March 2-5, 2025 \ LE !&EH

TestConX Workshop www.testconx.org March 2-5, 2025




Session 1 Presentation 4

TeStCOHX 2025 Contact Technology
Introduction
Background Presentation Outline
« CO, spray is utilized for a variety of « CO, spray technology
cleaning challenges in many — CO, spray physics
industries. — How does CO, spray clean?

« Key spray characteristics:
— Particle size distribution

CO, spray nozzles
CO, spray cleaning applications

— Particle momentum — Electronic circuit cards
— Spray temperature — Optical sensor cleaning
— Spray chemistry modification — Integrated circuit (IC) socket cleaning

* Nozzle configurations can be used to
achieve the spray characteristics.

Operating cost estimate
Summary
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Different CO, Phases
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Solid CO, Particle Characteristics

* Impact Phenomenon
— Ablation and phase change (solid—>gas, solid->liquid—>gas)

« Co-Solvency

— Modified with liquids, solids, vapor-phase additives
* Density

— 1.6 g/cm3
 Hardness

— <2 Hm (ex: 1 —talc, 2.5 - fingernail, 3 — calcite, 5.5 — glass, 7 — quartz, 9 — aluminum oxide).
* Particle Size

— < 0.5 microns to > 500 microns, range adjustable (coarse/fine)

* Impact Stress
— up to 130 Mpa (18,850 psi), pressure/particle size/distance dependent
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Solubility Characteristics of Liquid CO, (LCO,)

Hansen’s Solubility Parameter (HSP)

« Combines three forces important to solubility
evaluation:

Dispersive/non-polar energy - 9,

Polar (dipole-dipole/dipole-induced dipole) energy - &,

Hydrogen Bonding energy — d,
Total HSP

» Solvent / Solute solubility evaluated by
comparing relative HSPs

‘Like / Similar’ HSPs =» soluble
‘Un-Like / Dis-Similar HSPs =» insoluble

« Similar HSP values to many standard solvents
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How Does CO, Spray Remove Particles?

Cryogenic particle

* Particles removed by
momentum exchange:

 Particles removed when:
F > F

Collision force, F¢ Contaminant particle

cleaning adhesion

Boundary layer

Tangential collision force
Drag force, Fy

+—
Contact radius, a

van der Waals force, F,qw
Electronic double-layer force, Fy
Normal collision force

«-------

Ref: Souvik Banerjee & Andrea Campbell (2005) Principles and mechanisms of sub-micrometer particle
rrrrrr | by CO2 cryogenic technique, Journal of Adhesion Science and Technology, 19:9, 739-751
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Size of CO, Particles Leaving Nozzle
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Ref: Liu, Yi-Hung ...[et al]. Agglomeration process of dry ice particles produced by expanding
™ liquid carbon dioxide. Advanced Powder Technology 2010, 21(6): 652-657
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Adhesive Removal - Video

Rubbing adhesive on glass slide
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Removing Non-Particulate Organic Residues

* Non-Particulate Organic Residues: LIQUID CO2 PHASE GENERATED ON IMPACT
— QOils
— Thin films
— Fingerprints
* Residues solubilized by chemistry:
— CO, particles change upon impact
— Solid -> Liquid -> Gas
SUBSTRATE

i Li?liﬁeigﬁe-Like” chemistry: ///////////\(//‘;///// // // // "y

_— PLASTIC DEFORMATION

« HSP: 9 —18 MPa®- | - ELASTIC DEFORMATON

0.....0.0'0.0.0
CO2 YIELD PRESSURE ‘»
A ovese, o

CO2 PARTICLE

l IMPACT VELOCITY

SURFACE PRESSURE DISTRIBUTION

Ref: King, JW et al.; Ablation and Sorptive Removal of
Films and Particles from Surfaces Using Carbon Dioxide
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Fingerprint Removal from Optical Surface - Video
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| [ |
Solvent — Solute SO|UbI|Ity
* Occurs when solvent — solute are similar
an o . . ; Saturated fatty acids Unsaturated fatty acids
— ‘Like dissolves like
Carbon number 8q & o & Carbon number &y & Oy &,
‘ . ) .
» Strategy for ‘chemical’ cleaning %0 60 s 129 216 6l s 34 64 180
5:0 16.0 6.0 11.9 20.8 16:3 17.1 32 72 18.8
tprgs . 6:0 16.1 55 11.1 20.3 18:1 16.5 3.1 5.7 17.7
— Match solubilities of solvent to contaminant. 70 61 52 103 198 182 168 31 62 182
8:0 16.1 5.1 9.5 19.4 18:3 17.0 32 6.5 18.5
. C 9:0 16.2 44 8.7 189 18:4 17.3 29 6.8 18.8
* Need the chemistry of the contaminant 100 P 66 26 53 176
: ) 185 202 16.8 26 5.7 17.9
183 20:3 17.0 32 6.5 18.5
5, 5 5, 180 204 172 28 65 186
COo2 (T,P) ) ) D Hydrogen| 6;Total ; X 17.9 20:5 17.4 29 6.7 18.9
Dispersion|  Polar |\ ding 33 63 178 2155 174 26 63 187
LCOZ2 generated from impact [0, “1p @ 0.41 Mpa, -56C 16.6 5.4 6.7 18.7 : 3034 60 177 22l 65 27 48 174
from COZ parhcles 17:0 16.3 3.0 5.6 17.5 22:4 17.2 24 6.0 18.4
CO2-Sat @ 1.1 Mpa, -40C 15.6 5.2 6.3 17.6 18:0 163 33 55 175 2255 174 25 62 186
€02 - Sat @ 2 Mpa, -20C 14.1 5.0 5.9 16.1 19:0 163 2.8 52 17.3 22:6 176 25 6.6 19.0
CO2 - Sat @ 3.5 Mpa, OC 12.3 4.7 5.5 143 20:0 16.3 2.9 5.0 17.3 24:1 16.5 23 45 17.3
S0l @El e .- 20 163 25 46 11 248 75 23 60 186
€02 - Sat @ 4 Mpa, 6C 11.7 4.6 5.3 13.6 230 163 25 45 171 Hydroxy fatty acids
CO2 - Sat @ 4.5 Mpa, 11C 11.1 4.5 5.2 13.1 24:0 162 2.6 43 17.0 18:0 120H 16.4 45 8.6 19.1
CO2 - Sat @ 5 Mpa, 14C 10.6 4.5 5.0 12.6 25:0 163 23 4.0 169
CO2 - Sat @ 5.5 Mpa, 18C 10.0 4.4 4.9 12.0
CO2-Sat @ 6 Mpa, 22C 9.4 4.2 4.8 11.4 Ref: Anaid De La Pefia-Gil & Jorge F. Toro-Vazquez & Michael A. Rogers (2016); Simplifying Hansen
CO2-C.L. @ 6.5 MPA, 0C 12.8 28 55 147 Solubility Parameters for Complex Edible Fats and Oils; Food Biophysics DOI 10.1007/s11483-016-9440-9
€02 -5.C. @ 20.6 Mpa, 60C 9.1 4.2 45 11.0
€02 -5.C. @ 20.9 Mpa, 50C 10.1 4.4 4.7 12.0
™
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Basic CO, Spray Cleaning System Setup

Gas / Solid
Mixing Nozzle

LCO2

DX

Flow
Control

Propellant

§

Air, N2, CO2

Heater

Pressure
Regulator
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Coaxial — Short-range

>

CO, Spray Nozzle Offerings

High Energy

Coanda — Long-range

» High Energy Nozzle (HEN)
* Very high momentum particles
» Working Distance: 25 — 250 mm

« ‘Standard’ Spray Configuration
* ‘Soft’ to ‘Moderate’ Impact
« Working distance 10 — 25 mm

 Large high momentum particles
* Induces ambience into cleaning jet

« Working Distance: 50 — 300 mm

Wide Angle

* Fine particle spray width — 50 mm
* Very fine spray
» Working Distance: 25 - 50 mm

TestConX
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Identify CO, Spray Pattern / Impact Energy

« Two methods used to
assess effectiveness of
spray for a given application.

— Aluminum Foil Test

« Pebbling method used a lot
in ultrasonic cleaning =——l

— Fuji-Film Pressure Paper
» Both methods are effective
to determine:
— Size of the spray pattern
— Energy available for cleaning
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Pressure Paper Spray Nozzle Impact

Coanda

Measurable pressure range [MPa] 1MPa=10.2kgf/cm?

0005 005 0.2 0508 25 10 50 130 300

Ultra Extreme Low Pressure (5LW)

Extreme Low Pressure (4LW)
Ulira Super Low Pressure (LLLW)

Super Low Pressure (LLW)
Low Fressure (LW)

Medium Pressure [MW)

Medium Pressure [MS)

High Pressure (HS)
Super High Pressure (HHS)
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Spray Nozzle Impact Characteristics: HEN

Spray width ——
(5.6 mm) -
Spray impact stress - ’
(10 te) BEE
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Automated In-Line Circuit Card Cleaning System

* Requirement:

— Achieve equivalent or better cleaning method
electronic circuit card pockets

— No damage to fine wires
— Cleaning system must accept customer specified
feed trays

* Previous cleaning methods: IPA/Q-tip, tape
cleaning
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Cell Phone Board Cleaning System
* Cleaning Challenge:

— Remove contamination from cell phone circuit board:
» Water Residue, Salts, Debris
» Solution:
— Automated CO, Spray Cleaning system
— Auto Feed System
— Four (4) HEN Nozzles
— 1000 boards cleaned per week
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Cleaning Printed Circuit Board (PCB) with Optical Sensor

Before After

Objective: remove dust and finger oil
Solution: HEN CO, spray

Cleaning time: 10 seconds

Photo Magnification: 60x

[ )
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Before After
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Removal of Hardened Photoresist - Video
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CO, Spray Cleaning of IC Test Sockets

Before After
S » Pins: SS coated with Ni in plastic backing
« Diameter: 0.5 -1 mm/Spacing 1 - 2 mm
 Nozzle: HEN
» Optics: Keyence Digital Microscope
— VHX-5000 @ 200x

S/N:S110630%¢

P/N: SAPN05024%0

--------
..........

I e St ' 0 nX Advanced CO2 Spray Technologies and their Effectiveness for IC Socket Cleaning Applications 21 zo 2 5

TestConX Workshop www.testconx.org March 2-5, 2025




Session 1 Presentation 4

TeStCO nx 2025 Contact Technology

CO, Spray Technology Cost of Operation

CO2 Spray Cleaning Operating Costs @ Electricity = $0.15/kWhr

Typical Costs:
- HEN Applications « | [
— $2-$2.50/hr./nozzle . e

s55H Does not include costs for

. CoaX|a|/C0anda App|lcatlonS \;{5325 maintenance, repair and capital
— $1-$1.25/hr./nozzle -
$1.75
$1.50
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the 2025 TestConX workshop. They reflect the authors’ opinions and are
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workshop. Updates from this version of the papers may occur in the version
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There is NO copyright protection claimed by this publication. However, each
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