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Why Discuss Contamination and Cleanliness?

o Believed to be one of the primary drivers of field issues I
electronics today

o Corrosion
o Electrochemical Migration (ECM)
o Especially in the automotive indust

o Intermittent failures result in no §

fault found (NFF) returns

o Selfhealing behavior
o Difficult to find root cause

Dendrites growing between PCB layers,
connecting annular ring to plane
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Why Continue to Discuss Contamination and Cleanline

o Pervasive issue across many diverse technologies
o PCBs and PCBAs
o LCDs

o Switches
o Wiring
o Justto nameafew';

o It may get worse |n'
the future e

Silver dendrites on a shorted thick film sensor
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Contamination and Cleanliness in the Future

o A continuing decrease pitch betweeronductors
o 0.5mmY 0.4mmY 0.3mm
o Makes future packaging more susceptible

o Increasing use of leadless packages like QFNs and LGAs
o More difficult to clean underneath
o May lead to more concentrated contamination

o Increasing production of electronics in countries with polluted
and tropical environments

o Transition t&b-free and smaller bond pads which may require
more aggressive flux chemistries
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Example Size Issue: Higkativity Flux

Solder
Paste

Copper
Oxide

Copper

o Reduced bong@ad area (reduced by ¥
o Requires smaller volumes of solder paste (reduced)by x
o But copper oxide thickness remains the same

o Less solder paste means less flux which may lead to use of higher
activity flux
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Example Component: QFNs and Dendritic Growth

o Large areas, multiO, and low standoff features can
trap flux under the QFN

o Processes using no clean flux should be requalified

o Processes not using no cleanvilidikely experience
dendritic growth without modification of cleaning process
o Changes in water temperature
o Changes isaponifier
o Changes to impingement jets
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What is Electrochemical Migration?

o DfR definitionmovemenbf metal through an electrolytic
solution under an applied electric field between insulated

conductors

o Electrochemical migration can occur on or in almost all
electronic packaging
o Die surface
o Epoxy encapsulant
o Printed board
o Passiveomponents
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ECMerms

o A number of terms are usec

o Dendrites and dendritic growt
o Typically describes ECAlbnga ™

surface AR 6 o)
o Produc4s ketvhr oe B e

of ealtihkeed patterns

o Conductive anodidaments (CAF

o Typically describesigration within
a printed circuit board (PGB

CAF following glass fiber bundle
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Electrolyti&olution

o Composed ofvaterand dissolved ions

o Where does the water come from?
o  Ambient moisture in the air
o Evaporation of absorbed moisture (surface ECM)

o Measurement (techniques)
o Adsorption- Quartz crystalEllipsometry
o Absorption- Weight gain

o Measurement (units)
o Adsorption- Monolayers of moisture, or areal mass density (rfg/dnmonolayer = 31 ng/crh
o Absorption- Percent change in weight

o How much water?
o Very dependent upon relative humidity

o  Can be relativelynsensitive ttemperature, evefor moisture absorption (numerous internal
interfaces, fastediffusion)
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Deliguescence

o

Deliquescence is the
absorption of atmospheric

moisture until complete ———
dissolution Relative h
o Process behind constant 20 15
humidity salts for humidity 100 229
calibration 100 229
o Resulting resistanckange can :
be several orders of magnitud]} CaCl,.6H,0 _ | 24.5 31
(der Marderosian1977) | CaCl,.6H,O |5 39.8
KBr 100 69.2
o Each inorganic compound h{}jNaCl 20 75
a differentequilibrium %RH ||| KCI 80 78.9
KBr 20 84
o For exampleHCI | KCl 0 88.6
contaminated substrates NaF 100 96.6
showed dissolutiarf
contaminants at0%RH
(Zamanzadeh1989)
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Condensation

o What Is condensation?
o When surface moisture becomes visible?
o The amount of adsorbed moisture at 100%RH?

o Water filmthickneseanges(metals)
o Minimum: 1@nonolayers omoisture

o Dew: ~1,000 monolayers afmoisture
o Raindrops: 20,000 monolayers afoisture

o When does condensation occur?

o At 100%RH \\\\

o When asurface temperature is below the dew point temperature
o The presencef cracks andlelamination adds capillary action
o Hygroscopic materials present higher risks
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Surfaceand Materials

o The influence dhe surfaceon ECM Is poorlguantified
o Possible variables include roughness, porosity, and surface ene

o Hydrophobic surfacese superior

o Solder maslkand FR4 epoxyselection isarely based on
ability to resist ECM

o CAF does influence material selection
o Epoxy/glass fiber interface
o Possibility of delamination
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Dendritic Growth during Water Drop Test

Elapsed time 12 sec.

«
>
}.

o
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Migration Over Conformal Coating

Pin to pin migration over conformal coating
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Electrié¢-ieldVoltage and Distance

o Voltage is a primary driver in two processes
o Electrodissolutigaxidation reaction)
o lon Migration

o Electrodissolution

o Applied voltage must exceed EMF

o 0.13V for SnPb, 0.25 V for Ni, 0.34 V for Cu,
0.8 V for Ag, and 1.5V for Au

o lon migration
o Applies a forceon theions
o Velocity of ionss a function of electric fiegtrength
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Electric Fielstrength

Logic devices Power devices
o Previous generation o Previous generation
o 6.4V/mMm(S032,1.27mm o 64 V/mm(SOT23, 1.27
pitch, 5 VDC) mm pitch, 50 VDC)
o Current generation o Current generation
o 20 V/mm (TSSOPS0, 0.4 o 140 V/Imm (QFN,

mm pitch, 3.3 VDC) 0.4 mm pitch, 24 VDC)

o Copper traces240 V/mm (0.5 mm spacing, 120 VDC)
o IPG2221A allows600 V/mm (0.05 mm spacing, 30 VIC
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Electric Field and Dendrites

o Immersion silver (Ag) plating
o 85C/85%RH/10VDC
o Observation

o Migration only at tip of comb

pattern

o Dendrites stopped growing
0 Why')

o Maximum electric field strength

DfR Solutions
O

9000 Virginia Manor R&te290, Beltsville MD 20705 | 303474-0607 | www.dfrsolutions.com



Contamination

o [woO concerns
o Hygroscopicontaminants
o lonizablecontaminants that are soluble in water .(aads andsalts)

o lonic contaminants of greateshcern:
o Primarily anions; especiatlye halides chloridend bromide
o Verycommon in electronics manufacturing process

o Decreases pH; few metal ions found in dendrites are solubisldieto
highpH; copperdendrites require pH less than 5fbom

o Silver(l) ions are solulaerelatively high pH, theeason it
formdendrites more easily than other metals

o Cationgrimarily assist in the identifying the source of anions
o ExampleCa and Mg suggest tap water
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Sources of Contamination

lon Possible Sources

Cl Board Fab, Solder Flux, Rinse Water, Handling
Br Printed Board (flame retardants), HASL Flux
Fl TeflonKapton

PO, Cleaners, Red Phosphorus

SO, Rinse Water, Air Pollution, Papers/ Plastics

NO, Rinse Water

Weak Organic Acids | Solder Flux
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Sources @ontamination on PCBSs

o Etching o Photoresidtripping

o Chloridebased: Alkaline o Mmethylene chloride as a solvent
ammonia (ammonium chloride),
cupric chloride, ferric chloride,

persulfates (sometimes o Oxide
formulated with mercuric »  Sodium chlorite
chloride)

o Other: Peroxidesulfuric acid _
o Electrolesglating

I o Sodium hypochlorite (in
o Neutralizer potassium permanganate)

o Hydrochloric acid o Palladium chlorides (catalyst)

o Cleaning and degreasing

o Hydrochloric acid, chlorinated
solvents (rare)
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Bromide anBCBs

o Surfaceprocesses
o Soldermasks and porositynarking inks, and fluxes

o Flameretardant
o FR4 epoxy typically usea brominated bisphenol A (TBBA)
epoxy resin
o PCTRA 76 A: oBromide i n epoxy rEe€
during a high temperature process such as soldering
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Fluxes and Contamination

o Fluxes are very different, but all are acidic
o Solder paste flux
o Fluxcore solder wire
o Liquid flux for wave

o Optimum behavior
o Maximum activity during reflow; minimum activity after reflow
o Difficult balancing act

o Flux nomenclature
o Rosin only (RO)
o Rosinmidlyactivated (RMA)
o Rosin activated
o Water soluble
o Low residue (Rolean)
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JFSTE04 FluxXlassification: RO and RE

Materials of Flux/Flux Residue % Halide®
Composition® Activity Levels (by weight) Flux Type® Flux Designator
Rosin Low 0.0% LO ROLO
(RO) <0.5% L1 ROL1
Moderate 0.0% MO ROMO
0.5-2.0% M1 ROM1
High 0.0% HO ROHO
>2.0% H1 ROH1
Resin Low 0.0% LO RELO
(RE) <0.5% L1 REL1
Moderate 0.0% MO REMO
0.5-2.0% M1 REM1
High 0.0% HO REHO
>2.0% H1 REH1
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JSTED04 FluxClassification: OR and IN

Materials of Flux/Flux Residue % Halide®
Composition® Activity Levels (by weight) Flux Type® Flux Designator
Organic Low 0.0% LD ORLO
(CR) <0.5% L1 ORL1
Moderate 0.0% MO ORMO
0.5-2.0% M1 ORM1
High 0.0% HO ORHO
=2 0% H1 ORH1
Inorganic Low 0.0% LO INLO
(IN) <0.5% L1 INL1
Moderate 0.0% MO INMO
0.5-2.0% M1 INM1
High 0.0% HO INHO
=2.0% H1 INH1

DfR Solutions o

9000 Virginia Manor R&te290, Beltsville MD 20705 | 303474-0607 | www.dfrsolutions.com



JSTEDO04 Test Requirements

Table 3-2 Test Requirements for Flux Classification

Quantitative

Halide' 2 i
Conditions for Conditions for
(Cl-,Br-,F-,1-) Passing 100 MQ Passing ECM
Flux Type Copper Mirror Corrosion (by weight) SIR Requirements 2 Requirements
LO No evidence of No evidence of <0.05%°
: ; No-clean state No-clean state
L1 mirror breakthrough corrosion >0.05 and <0.5%
i 3
MO Breakthrougb in soi caiasian <0.05% Cleaned Cleaned
less than 50% of 1.1 or or
M1 test area P >0.5 and <2.0% No-clean state* No-clean state*
Ho Breakthrough in . - <0.05%°
more than 50% of Major cotrrglsmn Cleaned Cleaned
H1 test area aecepiablo >2.0%

-—h

not cleaned, this flux shall always be cleaned.

. This method determines the amount of ionic halide present (see Appendix B-10).
. If a printed circuit board is assembled using a no-clean flux and it is subsequently cleaned, the user should verify the SIR and ECM values after cleaning.
J-STD-001 may be used for process characterization.

. Fluxes with halide measuring <0.05% by weight in flux solids may be known as halide-free. If the MO or M1 flux passes SIR when cleaned, but fails when

. Fluxes that are not meant to be removed require testing only in the no-clean state.
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Flux Types and Use

o About % of the market usessin fluxes
o Preferred in the early days of electronics manufacturing
o Insoluble residues encapsulated contaminants
o Hydrophobic surface
o Quasticonformal coating

o Their use has decreased because of environmental concerns about the solvents
required toclean rosin

o About 2806 uses water soluble fluxes

o About 70 of the market usa®-clean fluxes
o 80-90% in consumer, computer, telecom markets
o Their use igcreasing
o Fine pitch, low clearanamnd highdensity greatlydecreasecleaning effectiveness
o Electronics indusisyverycost sensitive (eliminate one process, increase throughput)
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Flux Residues

o Some residues no-cleansoldering
o Resin or rosin encapsulant
o Water-soluble carboxyliacids
o Hygroscopipolyethylene glycol ethers

o PotentialWweak organic acids (WOAS)

o Benzoic, Butyric, Formic, Lactic, Malonic, Oxalic, Propionic, Succinic, (
Glutarig Adipig Malic

o The perfect nelean flux residue
o Acidsare fully neutralizedduringsolderingorocess
o Residual wetting agents ang@nimized
o lons are completely and permanently trapped in hard residue

DR Solutionso

9000 Virginia Manor R&te290, Beltsville MD 20705 | 303474-0607 | www.dfrsolutions.com



No Clean Flux

o Typically,no clearmeans the flux has passed the
surface insulation resistance (SIR) and electrochemi

migration (ECM) tests specified-BTI2004 without
cleaning

o However thereés noindustrystandarddefinitionof
no-clean

o Anyone can call anythimgp-clean
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Why No Cledns n 0 t No&leama y s

o Application, application, application

o TM650 2.6.3.3 defines two types of applications

0]

0]

0]

Liquidflux 6( wave, cored wire, etc.):
coating of liquid flug

OThi nd cadaefediOn qil?id sil? B @ik
It is to the advantage of the flux supplier to use as little flux as possible
(solderabllityis not being tested)

Solder pasted6 St enc i | print using a 6

o If your application is using a different amount of flux, or
different profile you may get differentesults

o Flux thickness is typically detfiting, but ncalways
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NoClearFlux Entrapment

o The IP&B-24 test coupon specified in 780 2.6.3.3 is not
representative of an actual product

o For the halides or weak org
solvents need to evaporate

o Largecomponents with losstandoffsmay have insufficientolume or
airflow to allow evaporation

o Activated flux residues will have a lower pH and higher water soluble
lonic content

o Works in conjunction with amount of flux

o Toomuch flux under low standoff components makes evaporation even
harder
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Testing

o The spacing on the 24 coupon is a PCB-B-2H
generation behind

o 0.5mm vs. 0.4mm on many QFPs, QFNSs,

[

o Applied voltage is 25V/mm

o Not even close to electric fields seen in
todayodos power devic

%% |

o No solder mask (can react and collect
flux residues)

L—.

o Anode and cathode are the same size ‘ I [ Ium ”l I ||||

o Resistance between conductors shall be more thamd@@hms
o How sensitive is your circuit?
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Testing (Continued)

o Filament growth is allowed as long as it does not
decrease conductor spacing by more than 20%

o Yes, you read that correctly: A flux can cause
dendritic growth and still be called a+oteanflux
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Creep Corrosion and Pollutants

o Recent field issues with printed circuit board
(PCBs) plated with immersion silver

o Sulfurbasedcreepagecorrosion

o Failures in customer locations with elevated ge&
levels of sulfubased gases N
o Rubber manufacturing
o Sewage/wastewater treatment plants
o Vehicle exhaust fumes (exit / entrance ramps)
o Petroleum refineries
o Coalgeneration power plants
o Paper mills
o Landfills
o Largescale farms
o Automotive modeling studios
o Swamps

P.Mazurkiewicz ISTFA 2006
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