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Contamination
Ionic Non-Ionic
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Wide 
number of 
sources 

Flux residue is 
commonly the primary 

source:
•Inorganic ions 

•Wide variety of Weak 
Organic Acids  

Creates an 
electric 

charge in 
humid 

conditions

Ionic 
Residues on 

PCB 
Assemblies 

-Electrically 
conductive

-Lead to Several 
Failure 

Mechanisms 

Not conductive

Insulating properties of 
residue surrounding 

conductors can lead to 
unwanted impedance. 

No Clean fluxes are 
made with both 

organic and 
inorganic soils

If any component is soluble 
with liquid  +  either 

negatively or positively 
charge, they are ionic!

hydrogen, oxygen, nitrogen, sulfur



Every Flux Can (under certain conditions) Short or Fail!
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ux

 A
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In Real Time
Reflowed per Manufacturer’s reflow profile



Contamination
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The  Ionic Contamination Test Widely used prior to 2020 
 Used as both a validation test and a process control tool for collecting ionic data

 Equivalents of sodium chloride (NaCl) using Resistivity/conductivity
 75/25 or 50/50 IPA/DI solvent media mixture. 

 Different variations with/without heat, different tank sizes, pumps, differ 
sensitivity levels, cool software, etc…. 

Resistivity Of Solvent Extract (R.O.S.E) WAS... 
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Resistivity of Solvent Extraction
 Developed in 1970’s
 Never intended as a cleanliness test or for acceptability, only monitoring
 Method developed for (wave solder flux) high solids (35%) rosin fluxes, 

large components, and few components which established the 1.56µg/cm2

 The US Government of Defense desired  a Pass/Fail Criteria 
 No Clean Flux did NOT exist 

©2021



R.O.S.E. Overview

PRO’s
Quick “on the floor” test for large amounts of 
soluble Ionics 
Can identify if you have an excessive amount 
of Ionics on any part of the PCB.
Quickly identifies handling or rinsing issues. 
Inexpensive tool and easy to operate

Worked well in the 1970’s

CON’s 
Only identifies NaCl. Does not identify other 
types of Ionics present on the PCB
Probably will not identify if you have flux 
bridging the conductive path on a miniature type 
component. 
No Clean Flux and some surface contaminate 
are not completely soluble in IPA/DI water 
solution
Different flux types take longer extraction times.
No longer considered objective evidence. 

Resistivity of Solvent Extract (ROSE ~ IPC-TM 650 – 2.3.25)
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“No Clean” & Early Lead-Free

R.O.S.E. /IC/SIR

Evolution of Technology, Cleaning Methodology & Validation
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RMA & Sn/Pb

R.O.S.E.

Halide Free & Lead-Free 

IC / SIR Combination Testing

Better Compatibility
Improved Rinsing & Cleaning
Compatibility & Long Bath Life



Mechanical to Electronic Control
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Computers to IoT

Source: VTS, 15cS81_IoT module
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Component & Flux Technology

Source: Apx Mfg

Source:  Indium Source: Shea Eng.
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IPC J-STD-001 Rev G, Section 8

 2018 Rev G Published (WP-019 can be referenced)
 Required objective evidence for qualifications/ acceptance.
 Determined no good answer on how to use the ROSE test on No clean 

assemblies, 
 Recommended it should not be used for monitoring of no-clean fluxes
 Classified it as non-value-added testing, Obsolete practice.

 Requalification Major vs. Minor 
 Ruled the ROSE test as not “Objective Evidence”

There is no ONE method to determine acceptably clean and 
unacceptably dirty
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IPC J-STD-001 Rev H, Section 8

 September, 2020  Rev H Published (WP-019B)

 Reemphasized “ROSE testing for monitoring of No-Clean assembly process should 
not be used”  
 Values of No-Clean materials do not equal cleanliness
 Can be a destructive test
 Non-value added testing

 Emphasized the technology advancements and limitations of ROSE to detect value 
added levels

 Still Required objective evidence  
 Removed 1.56µg/cm2  value as a pass/fail

 No single value can be used as a pass/fail for every product, 
 UCL limit may be determined in qualification with  objective evidence
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IPC Standards
 If you are IPC certified or claim you 

are following IPC guidelines, you 
must be using the latest IPC-
Standard.  

 If you are not certified, you should
still be using the latest IPC-
Standard or better quality controls
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No-Clean Process and ROSE
 Rose Test will identify 

 A rinsing issue
 Improper handling of an assembly

 ROSE TEST Might identify
 Dirty bare board
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Real World Case Study
 Class 3 OEM-New chemistry qualification

 Concentration was determined by lab testing
Objective to optimize cleaning parameters

 Temperature and time 
 PCB location  (as shown on next slide)

 Validate the process
 All other materials are stayed the same
 ROSE Test used for monitoring
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Optimization 
IPC PCB-009 48 Test Coupons
 RMA-35% solids wave flux
 SAC 305 No-Clean Paste
 SAC 305 No-Clean Core Wire for hand soldering
 Spray in Air Batch machine with low pressure (15-20 PSI)

PCB 
Sample 

Size
Conc % Wash Temp Wash 

Times

12 20% 60°C/140°F 20 min
12 20% 60°C/140°F 30 min
12 20% 68°C /155°F 20 min
12 20% 68°C /155°F 30 min
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Optimization 
 Score Each Set (6) PCBs Comparing

 Location inside chamber
 Temperature
 Time

 Inspection Methodology  
 Visual (10X) (2 of both) 
 Mechanical removal of components after visual 

inspection 
 ROSE Test (2 from each set)
 Ion Chromatography (2 of best results)
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Past Studies   

 Various reflow and cleaning 
conditions

 Non cleaned, partially cleaned, 
show significant variation in 
performance, Visually and SIR  
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Site Locations and Scoring 
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PCB inspection Site Locations Visual Key Guide



PCB ROSE Readings 
 PCB’s handled with fresh clean gloves
 PCB was placed onto a clean aluminum foil for inspection 

under microscope
 All assemblies passed the 1.56µg/cm2

 Range from 0.1 to slightly over 0.45µg/cm2

 ROSE tests were non-conclusive:
 Amount of flux residue
 Location in Wash Chamber
 Temperature or Time
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ROSE Scores Ranged in the 0 .3- 2.75 µg/in2 NaCl

Under Component Scores
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Visual Key Guide
Visual Inspection Summary



Under Component Scores
Run Conditions Middle Right Middle Left Middle Middle  TOP  Corner Bottom Corner Top Middle Bottom Middle

C D B F A E C B D F A E

8
140F

B-.32/ NC1.49 / 
A.82 2-3 1-3   

4 140F
B-.31/      NC.51 / 

A.64 1-3     = 

1
140F 3-1

B-.23/     NC .48 
/ A.72

6 140F
B-.36/     NC 1.6 / 

A.69

2 155F
B-.26/     NC 2.24 

/ A.71

3 155F
B-.25/     NC 2.41 

/ A.67

5 155F
B-.20/     NC 2.75 

/ A.72 1-4  =

7 155F
B-.27/     NC 2.48 

/ A.66

PCB’s With Scores Of 1-2 Summarized
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Visual Scoring Summary

• The middle of the chamber produced the most 
flux residue overall. 

• Outer edges and Middle of the chamber do not receive  as much 
mechanical action, and this was visually noticed.

Impingement energy drives cleaning
ROSE was Found as a Non-Value Add Test
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Ion Chromatography
IPC-PCB-009
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Typical Industry Limits

Source Foresite Labs©2021



Optimization Conclusion
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Qualification
19 PCB test boards for each test
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Ion Chromatography
IPC- B-52 Cards
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IPC-B-52 SIR Summary
 All 19 card assemblies SIR values were all well above 1 x 109 ohms
 All 19 cards showed no dendritic growth or corrosion at 10X to 40X magnification 
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Transition to Newer Technology
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QFN and similar flush mounted devices being 
implemented into designs

Supplier moved from batch process to inline cleaning 
at 0.5ft/min

Chemistry B @ 65ºc, 15% concentration  

Due to earlier data findings, only SIR was completed 
on the QFN.



QFN 10 Card
Quantity 5

Source: Magnalytix with permission©2021



QFN SIR Summary

©2013 XYZ Inc. [Replace or delete] 
©2021



Conclusion
The Class 3 OEM validated the use of ROSE for measuring cleanliness is 
obsolete for their processes:
 Not all areas of the batch wash chamber provided the same 

cleanliness.
 ROSE Limit of 1.56µg/cm2   does not provide useful monitoring 

readings.
 Flux residue quantity under components from the center would likely fail 

under bias, yet measured well below 1.56µg/cm2
 Different flux types and processes react differently in the ROSE.

 Ion Chromatography is a better measuring tool, but did 
not provide as much data as SIR testing to make process 
decisions.
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Final Impressions

The Cost Of Not Cleaning Correctly 

Recall vs. Cleaning Correctly
©2021

Step 4 As your design changes, your cleanliness limits may also need to change. 

Step 3 Document the end-use environment and required lifespan, and test methodology, cleanliness 
requirement based on the demand.

Step 2 Identify who needs to be involved in establishing cleanliness levels and methods (OEM and/or 
Manufacturer)  

Step 1 Understand not all devices or components require the same level of cleanliness. 
• ROSE limit  1.56µg/cm2  is obsolete. 
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Thank You!
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Global Product Line Manager, 
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Phone 215-498-8856


	The Relationship Between Cleanliness and Reliability/Durability   
	            Outline/Agenda�
	Contamination
	Every Flux Can (under certain conditions) Short or Fail!
	Contamination
	Resistivity Of Solvent Extract (R.O.S.E) WAS... 
	Resistivity of Solvent Extraction
	R.O.S.E. Overview
	Slide Number 9
	Mechanical to Electronic Control
	Computers to IoT
	Component & Flux Technology
	IPC J-STD-001 Rev G, Section 8
	IPC J-STD-001 Rev H, Section 8
	IPC Standards
	No-Clean Process and ROSE
	Real World Case Study
	Optimization 
	Optimization 
	Past Studies    
	Site Locations and Scoring 
	PCB ROSE Readings 
	Under Component Scores
	Under Component Scores
	Visual Scoring Summary
	Ion Chromatography�IPC-PCB-009
	Typical Industry Limits
	Optimization Conclusion
	Qualification�19 PCB test boards for each test
	Ion Chromatography�IPC- B-52 Cards
	IPC-B-52 SIR Summary
	Transition to Newer Technology
	QFN 10 Card�Quantity 5
	QFN SIR Summary
	Conclusion
	Final Impressions
	Acknowledgments
	               Thank You!�� � 

