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magnalytix.comSIR Testing Executive Summary
EXECUTIVE SUMMARY
▪ This study will evaluate the performance of batch and inline rinsing with XYZ cleaning

chemistry
PROBLEM STATEMENT
▪ Flux and process residues collect on active circuit traces
▪ Electrochemical failures (parasitic leakage and/or dendrite formation) are point-specific
▪ This failure is often found under component terminations

PROCESSES TESTED
▪ Surface Mount

MATERIALS AND CLEANING EQUIPMENT TESTED
▪ MGX B52 Legacy 2 test board reflowed with ABC solder paste and cleaned with XYZ cleaning

chemistry
▪ Batch Washer – Aqueous Technologies Trident
▪ Inline Washer – Aquastorm AS200
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SIR TEST METHOD



SIR is effective at Testing for Each Risk Factor



Electrical and Chemical Test Methods

• SIR determines the effects of process contamination on specific
components, soldering materials, reflow, and cleaning conditions.

• Ion Chromatography identifies the ions and their concentration levels.
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SIR Test Method

• SIR detects the effects
of ionic and polar
residues

• Test Parameters
• 40°C
• 90% RH
• 5 Volts Bias
• 168 Hours

→ Pass/Fail
▪ Green – Pass – Desired Performance
▪ Yellow – Pass – Cautionary
▪ Red – Fail – Danger



Components

• SIR is an electrical test method

• Comb structure of opposite polarity between signal pins

• Detects leakage currents and dendritic growth



Electrochemical Reliability

– SIR tests for the reliability effects from:

• Components and Boards

• Solder Materials

• Flux Residues

• No Clean vs. Cleaning

• Cleaning agents

• Cleaning machines

• Rinsing

• Wash Bath Control

• Bath Life
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TEST PLAN



Batch Cleaning Machines

• Aqueous Tech Trident LDO

▪ Rotating Spray Arm Tank to Tank

▪ Boards are sprayed perpendicular
to the plane



Batch Cleaning Machine Parameters

Chemistry XYZCleaning Agent
Concentration 15%

Wash Temperature 150°F
Wash Time 15minutes

Rinse Time 20 seconds
Total # of Rinses 10

Cleanliness Set Poin 700 kΩ
Rinse Temperature Ambient

Dryer Time 30minutes
Dryer Temperature 160°F

Batch Cleaning Machine
Wash

Rinse

Dryer



Inline Cleaning Machines

• ITW AS 200 Inline

• High-powered direct spray impingement

▪ Boards are sprayed perpendicular to the plane

▪ Process

▪ Pre-Wash/Wash/Chem Iso/Rinse/Final Rinse/Dry

▪ Boards are tracked through the wash on a conveyor belt



Cleaning Machines

Chemistry XYZCleaning Agent
Concentration 15%

Conveyor Speed 1.0 fpm
Wash Temperature 150°F
WashUpper Manifold 8 Spray Bar Intermix
Wash Lower Manifold 4 Spray Bar Intermix
WashManifoldHeight 4"

Pre-WashUpper Pressure 55 PSI
Pre-Wash Lower Pressure 50 PSI

Pre-Wash Flow 1.6 gal/min.
WashUpper Pressure 60 PSI
Wash Lower Pressure 50 PSI

WashUpper Hurrican Presure 40 PSI
Wash Lower Hurricane Pressure 30 PSI

Inline Cleaning Machine
Wash

Chemical Isolation Upper Pressure 20 PSI
Chemical Isolation Lower Pressure 15 PSI

Chemical Isolatin Flow 1.4 gal/min
Rinse Temperature 140°F

Rinse Upper ManifoldConfiguration 8 Spray Bar Intermix
Rinse Lower ManifoldConfiguration 4 Spray Bar Intermix

Rinse ManifoldHeight 4"
Rinse Upper Pressure 80 PSI
Rinse Lower Pressure 70 PSI

Rinse HurricanUpper Pressure 40 PSI
Rinse Hurricane Lower Pressure 30 PSI

Final Rinse Upper Pressure 60 PSI
Final Rinse Lower Pressure 50 PSI

Final Rinse Flow 1.5 gal/min
Dryer 1 Temperature 180°F
Dryer 2 Temperature 250°F
Dryer 3 Temperature 260°F

Inline Cleaning Machine

Chemical Isolation - Rinse



MGX B-52 Legacy 2 Test Board

• ABC Solder Paste



MGX B-52 Test Board
• The MGX B-52 test board is a challenging test board due to the use of
bottom terminated components.

– QFNs are challenging to clean due to the large thermal lug, tight pitch, and low
standoff gap.

– The center lug on the BGA 244 adds additional flux residue under the component
termination.

– The QFP-160 SIR comb is highly challenging to clean due to the rectangular pad
structure. The SIR comb is useful in detecting rinsing issues.

– The cap network populated with 40 caps of various sizes and tight density is also
a difficult challenge.

• Because of these features, the MGX-B-52 Legacy 2 is more
representative of production hardware.
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SIR TEST PARAMETERS



SIR Test Parameter Overview



SIR Test Validation Overview



SIR Test Channel Overview

Slot 1 B52 Legacy 2 Board 53 - Batch ABC Solder Paste
Batch Cleaning 

Machine 15% Pass Pass Pass Fail

Slot 2 B52 Legacy 2 Board 54 - Batch ABC Solder Paste
Batch Cleaning 

Machine 15% Pass Pass Pass Fail

Slot 3 B52 Legacy 2 Board 55 - Batch ABC Solder Paste
Batch Cleaning 

Machine 15% Pass Pass Pass Fail

Slot 4 B52 Legacy 2 Board 57 - Inline ABC Solder Paste
Inline Cleaning 

Machine 15% Pass Pass Pass Fail

Slot 5 B52 Legacy 2 Board 58 - Inline ABC Solder Paste
Inline Cleaning 

Machine 15% Pass Pass Pass Fail

Slot 6 B52 Legacy 2 Board 59 - Inline ABC Solder Paste
Inline Cleaning 

Machine 15% Pass Pass Pass Fail

FBGA244 -

Minimum

Reading

QFP160 -

Minimum

Reading

SMT Caps -

Minimum

Reading

Chamber

Location Board Type Identifier Paste

QFN48 -

Minimum

Reading.Cleaning Machine Wash Conc.
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BATCH CLEANING MACHINE



B-52 Legacy 2: Slot #1
Batch Cleaning Machine



B-52 Legacy 2: Slot #1
Batch Cleaning Machine



B-52 Legacy 2: Slot #2
Batch Cleaning Machine



B-52 Legacy 2: Slot #2
Batch Cleaning Machine



B-52 Legacy 2: Slot #3
Batch Machine Cleaning



B-52 Legacy 2: Slot #3
Batch Cleaning Machine



QFN-48
Batch Cleaning Machine



QFN-48 Board #1



QFN-48 Board #2



QFN-48 Board #3



QFN-48 – Batch Cleaning Machine

• Trace levels of flux residue under the component
terminations

• SIR was in the desired performance zone over the testing
period

• There was a slight decline during the testing period

– Indicative of trace flux residue

– Could also be an indicator that the flux package is deliquescent

– Mild leakage currents occurred at the 105-hour mark onward

• SIR passed



BGA 244 with a Center Lug
Batch Cleaning Machine



BGA 244 with a Center
Board #1



BGA 244 with a Center
Board #2



BGA 244 with a Center
Board #3



BGA 244 with a Center Lug
Batch Cleaning Machine

• No flux residue under the component terminations

• SIR was in the desired performance zone over the testing
period

• There was a slight (minor) decline
during the testing period

• No leakage currents

• SIR passed



QFP-160 with an SIR Comb
Batch Cleaning Machine



QFP-160 with an SIR Comb
Board #1



QFP-160 with an SIR Comb
Board #2



QFP-160 with an SIR Comb
Board #3



QFP-160 with an SIR Comb
Batch Cleaning Machine

• No flux residue under the component terminations on
two of the three boards

– One board had partially cleaned flux residue between 2 pads

• SIR was in the desired performance zone over the testing
period

• There were (minor) leakage currents on
two of the three boards tested

• SIR passed



0201 / 0402 / 0603 / 0805 Caps
Batch Cleaning Machine



0201 / 0402 / 0603 / 0805 Caps
Board #1



0201 / 0402 / 0603 / 0805 Caps
Board #2



0201 / 0402 / 0603 / 0805 Caps
Board #3



0201 / 0402 / 0603 / 0805 Caps
Batch Cleaning Machine

• No flux residue was present under the component
terminations

• SIR was in the cautionary zone with mild leakage currents
into the danger zone.

– The solder dots between the 0201 indicate a
dirty stencil

– SIR tabulates the lowest insulation resistance
over the 40 components

• Under some of the 0201 caps, there was
a dot of solder between the pads.

• SIR failed



INLINE CLEANING MACHINE



B-52 Legacy 4: Slot #4
Inline Cleaning Machine



B-52 Legacy 2: Slot #4
Inline Cleaning Machine



B-52 Legacy 4: Slot #5
Inline Cleaning Machine



B-52 Legacy 2: Slot #5
Inline Cleaning Machine



B-52 Legacy 4: Slot #6
Inline Cleaning Machine



B-52 Legacy 2: Slot #6
Inline Cleaning Machine



QFN-48
Inline Cleaning Machine



QFN-48 Board #4



QFN-48 Board #5



QFN-48 Board #6



QFN-48 – Inline Cleaning Machine

• Trace levels of flux residue under the component
terminations

• SIR was in the desired performance zone over the testing
period

• There was a slight decline during the testing period

– Indicative of trace flux residue

– Mild leakage currents occurred at the 105-hour mark onward

• SIR passed



BGA 244 with a Center Lug
Inline Cleaning Machine



BGA 244 with a Center
Board #4



BGA 244 with a Center
Board #5



BGA 244 with a Center
Board #6



BGA 244 with a Center Lug – Inline Cleaning

• No flux residue under the component terminations

• SIR was in the desired performance zone over the testing
period

• No leakage currents

• SIR passed



QFP-160 with an SIR Comb
Inline Cleaning Machine



QFP-160 with an SIR Comb
Board #4



QFP-160 with an SIR Comb
Board #5



QFP-160 with an SIR Comb
Board #6



QFP-160 with an SIR Comb – Inline Cleaning

• No flux residue under the component terminations

• SIR was in the desired performance zone over the testing
period

• No leakage currents

• SIR passed



0201 / 0402 / 0603 / 0805 Caps
Inline Cleaning Machine



0201 / 0402 / 0603 / 0805 Caps
Board #4



0201 / 0402 / 0603 / 0805 Caps
Board #5



0201 / 0402 / 0603 / 0805 Caps
Board #6



0201 / 0402 / 0603 / 0805 Caps
Inline Cleaning

• No flux residue was present under the component
terminations

• SIR was in the cautionary zone with mild leakage currents
into the danger zone for Board 5

• SIR was in the danger zone for Boards 4 & 6 with no
leakage currents

• Under some of the 0201 caps, there was
a dot of solder between the pads.

– Indicates a dirty stencil

• SIR failed



COMPARISON OF THE BATCH AND INLINE
CLEANING MACHINES



QFN-48



BGA 244 with a Thermal Lug



QFP-160 with an SIR Comb



0201/0402/0603/0805 Caps



INFERENCES FROM THE DATA FINDINGS



Inferences from the Data Findings

• ABC Solder Paste contained an active flux residue

– Partially cleaned flux residue lowered insulation resistance

– When flux was present, there were mild leakage currents

• The cap network exhibited lower insulation resistance

– No visible flux residues were detected

– The 0201 caps had dots of solder between the pads

• This results from a dirty stencil

• Most likely, the factor that drove insulation resistance lower

• No signs of rinsing issues

• The Inline and batch cleaning machines exhibited similar performance



RECOMMENDATIONS



Recommendations

• Consider a No-Clean solder paste with flux activators that are
low in activity and do not absorb moisture.

• Check into the stencil underwiping process

–Wipe frequency

– Dry wipe or chemical wipe

– Dial in the process to ensure solder balls are eliminated




