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What is Plasma

Solid → Liquid → Gas → Plasma
Energy Energy Energy

Plasma:
Sometimes referred to as the 4th state/phase of matter
Similar to gas phase, but capable of conducting electricity
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 Samples placed in reactor
 Evacuate air, input desired process gasses
 Apply RF energy across electrodes for surface 

treatment

Vacuum Plasma Technology



Plasma Considerations
 Oxygen cleans the surface 

of organic materials 
 Argon increases surface 

tension by kinetic 
bombardment 

 Combination of these two 
processes increases 
conformal coating 
wettability to microscale 
components

 Two processes for 
discussion are:
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Direct Plasma
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Downstream Ion-Free Plasma 
(patented)

(c)Company Name Permitted  
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Plasma Applications
 Semiconductor/MEMS

 Pre Die Attach
 Pre wire bond
 Pre mold
 Pre Underfill
 Wafer level packaging

 Printed Circuit Board
 De-smear
 Surface activation
 Pre conformal coating

 Medical Device
 Pre adhesive bonding
 Pre device coating
 Wettability enhancement
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Pre-Conformal Coat Plasma 
Evaluation
 Determine plasma process conditions that enhance 

conformal coating adhesion
 Plasma treat solder mask coated boards, apply coating 

and cure
 Nordson MARCH AP-600 Plasma Processing System
 Nordson ASYMTEK SelectCoat® SL-940 Dispenser
 Humiseal® 1B31 Acrylic Conformal Coating
 Evaluate process parameter sensitivities on adhesion

 Gas type
 RF Power
 Time
 Process pressure



Nordson MARCH AP-600

(c)Company Name Permitted  



Adhesion Testing
 ASTM Method 

D3359 or ISO 2409
 Scotch Tape Test
 Cross score the 

coating, apply tape 
and peel

 Compare the 
number of squares 
removed 



Evaluation on Solder Mask 
Substrates

 31 process tests performed
 All improved adhesion!
 Lower power and less time required if 

we want to see adhesion sensitivity

Power
Watts

Pressure
mTorr

Gas Time
Sec

100 100 O2 30
200 200 Ar 60
300 300 O2:Ar 90



Problem Statement
Plasma improves adhesion; however, 
packaged devices can have ESD related 
issues with direct plasma.

Specifically, MEMS devices have high 
possibility of electronic failure when using 
direct plasma.  
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Goal Statement

 Test the newly patented downstream ion 
free plasma process and compare to direct 
plasma process
 Is adhesion of Humiseal® 1B31 Acrylic still 

enhanced after downstream IFP process?
Are discrete IC’s and MEMS devices 

electronically functional after downstream IFP 
process?

(c)Company Name Permitted  



ESD Damage Evaluation

 AP-600 system for evaluation
Direct plasma on power electrode
Direct plasma on ground electrode
 Ion-free plasma configuration

 Five discreet devices chosen for 
evaluation

 Functional testing pre/post plasma to 
determine plasma induced damage

 Most sensitive device chosen for further 
evaluation (c)Company Name Permitted  



Components Tested For ESD 
Damage
 Components purchased from Digi-Key

 MEMS accelerometer found to be most 
sensitive to ESD damage
 Nominal orientation outputs out of spec 

following some direct plasma conditions
Damage to demodulator circuitry

(c)Company Name Permitted  



Results:  Experimental Matrix 
on MEMS Device

 Downstream Ion-free plasma (IFP) results in 
no damage regardless of pressure or power 
settings (c)Company Name Permitted  



ESD Summary

 The vast majority of PCB’s and their 
components are not sensitive to plasma 
induced ESD damage

 Proper selection of hardware configuration 
and process parameters can mitigate ESD 
damage

 Ion-Free Plasma will eliminate ESD 
induced damage

(c)Company Name Permitted  
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Conclusions
 Plasma treatment improves adhesion of 

conformal coatings applied to PCB’s
 Plasma treatment has been demonstrated to 

remove residues from PCB’s
 Proper chemistries and plasma configurations 

are required to optimize the adhesion properties
 Plasma induced ESD damage can be eliminated 

with proper selection of hardware configuration 
and process conditions

 Ion-free plasma is the safest method for plasma 
treatment if ESD is a concern 
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Thank You!
To learn more about innovations in plasma technology, visit:

www.nordsonmarch.com
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