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2. APPLICABLE DOCUMENTS

The issue of the following documents in effect on the date of the purchase order forms a part of this specification to the
extent specified herein. The supplier may work to a subsequent revision of a document unless a specific document issue
is specified. When the referenced document has been cancelled and no superseding document has been specified, the
last published issue of that document shall apply.

2.1

ASTM Publications

Available from ASTM International, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959,

www.astm.org.

ASTM D 257 DCRe

Tel:  610-832-9585,

sistance-or-Conductance-ofnsulating-Materals

ASTM D 1193 Reagemt Water

2.2 U.S. Government

Available from the D
Philadelphia, PA 19111

MIL-STD-202 Electro
23
American Society for M
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The solder wave machine uses a vertical wave of molten solder usually produced by an impeller immersed in a

sump of molten solder. The impeller pumps the solder between parallel plates so that a crest of solder will exist
above the quiescent solder level. Other means of producing a solder wave are acceptable. The electronic module
assembly passes over the wave by means of chain-driven conveyor set at a critical angle with respect to the wave
crest axis. The depth of board penetration into the solder crest is critical. Depth should be great enough to cause
hydrostatic displacement of flux in holes and allow molten solder to flow through the holes by capillarity. Depth
should not be so great as to cause solder to break across the component side of the PC board. Advanced soldering
lines now incorporate in-line fluxing and pre-solder/post-solder cleaning systems.
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4. SOLDER BATH

4.1

4.2

4.2.1

422

4.2.21 Total of coppgr, gold,»aluminum, cadmium, and zinc should not exceed 0.4% by weight.

423

4.3

4.3.1

The optimum composition of tin is 59.5 to 63.5% with the balance of the solder bath consisting of lead and the items
in4.2.2.

Contamination and composition change of the solder bath will occur during operation. The solder should be
sampled and analyzed on a periodic basis or when the quality of the soldering decreases. Certain metallic elements
are soluble in molten solder and gradually contaminate the solder bath.

Extremely heavy deposits of gold plating on electronic components may alloy with molten solder to cause
degradation of solidified solder fillets by formation of brittle gold-tin intermetallic compound phases. Surface
dewetting will be more prevalent as gold content in the bath increases. Thin (under 120 microinch (3 pm)
thickness) coat' = ada f solder joints because

Some elements$ such as zinc, aluminum, and cadmium render the solder sluggishoand porous. Other elements
such as copper and nickel render the solder hard and brittle. Metals such as)silver apd antimony have little
detrimental eff¢ct on the solder. Nonetheless, impurities should be maintained at levgls as low as possible,
preferably beloy the following limits:

TABLE 1
Content, % by Weight Content, % by Weight

Element min max
Anttimony 0.2 0.5
Cdpper (4.2.2.1) - 0.3
Bigmuth -= 0.25
Gqld (4.2.2.1) = 0.20
Siljver -- 0.10
Argenic -- 0.03
Irop -- 0.02
Ni¢kel -- 0.01
Phosphorus -- 0.01
Aldminum (4.2.2.1) -- 0.006
Cqdmium (4.2.2.1) -- 0.005
Zinc (4.2.2.1) -- 0.005
Suffur -- 0.001

When chemica| abalysis indicates impurity levels greater than the individual contaminant levels, the entire bath
should be discarded or should be restored by addition of virgin solder to maintain low impurity level. A low
contamination level is needed to control solder bath fluidity at a given temperature.

The molten solder should be temperature controlled at 230 to 290 °C (450 to 550 °F) for best results. Higher
temperatures can cause component degradation and dewetting. Lower temperatures can cause solder bridging,
icicling, and poor wetting.

The balance between carriage speed and solder temperature is also critical. Because metal component leads
and laminate conductor runs or pads possess greater inherent heat capacity than the dielectric board material,
the electronic module assembly may be wave soldered at faster speed when the solder temperature is higher
with less component or dielectric damage than when wave soldered at slower speed and lower solder
temperature.
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4.4  Oil Intermix

4.4.1

A tinning oil serves to inhibit dross formation and to promote the solder wetting process. Tinning oil is superior to

vegetable oil for use in oil intermix systems. Several proprietary formulations are satisfactory.

442

A daily machine cleaning discipline is necessary to maintain peak soldering performance. Some intermix oils

should be changed after 4 hours of operation. Any oil should be changed daily. Weekly, monthly, and quarterly
machine cleaning and maintenance schedules should be established. Remove all oil-derived solids from the
solder machine sump and other cavities or surfaces on a monthly basis, or sooner if solder quality decreases.

5. RECOMMENDATIONS

5.1
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1193 Type

5.1.5

reliability standards of the electronic module being fabricated.

Alcohol, alcohol blends, and alcohol azeotropes. Although alcohol is bipolar, this solvent provides excellent

Reagent grade water, preferably at elevated temperature provides excellent polar solvency. See ASTM D

As much contamination prior to soldering should be removed as is consistent with economics and specified
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5.2 Flux and Flux Application

5.21

5.2.2

523

524

525

5.2.5.1

Flux is applied the samg¢ way as the solder wave applies solder.

5252

This method can use cgrtain pastes as well as liquid flux.

5253

Spraying is readily adaptable to automation and is used on automatic solder lines.

5254

Either manual or powergd.brushes are usable.

5255

Rosin-base fluxes suitable for use in the wave soldering process contain activators that react with the surfaces to
be joined by the solder. Both RMA (mildly activated) and RA (activated) fluxes contain activator compounds and
the activated flux residues should be completely removed by proper cleaning procedures. While RA flux provides
superior solderability, special precautions should be taken to ensure complete removal of the flux residue,
otherwise residual corrosive ions may produce malfunction through the slow accumulation of corrosion products
long after the soldered component has been placed in service. Strict adherence to the cleaning procedures
recommended herein should provide adequate protection.

Flux viscosity may be controlled by adding a solvent or thinner to the flux. The thinner is usually a higher alcohol,
such as isobutanol or isopropanol. The specific gravity of the flux should be maintained within +3% of the
manufacturer's valde-

Flux should be [applied to the surface of the board to be soldered by a method that will'‘produce an evenly coated
surface. When|desired, flux may be applied to both sides of the PC board. Wave soldering machines usually
incorporate a foam fluxer. Improved soldering results are obtained if the printed\circuit bpard component side is
flux coated. Component-side fluxing may be obtained by breaking through theywave or by component-side spray
of thinned or fopmed flux.

The flux-coated board should be preheated to 75 to 105 °C (160 to 220 °F). The radiant heat level will depend on
the solder carrigge travel speed.

Several flux application methods in addition to foam fluxing are also recommended, such gs:

Wave Fluxing

Dipping

Spraying

Brushing

Rolling

Various types of rollers may be used for precision selective soldering.

5.3 Wave Soldering

5.3.1

The soldering machine conveyor angle with respect to the wave axis may vary with machine conveyor design. It
has been found that 6 degrees + 3 degrees is optimum for some designs while an angle as high as 10 degrees
will produce satisfactory soldering with other designs. The conveyor chassis is usually inclined by means of a
lead screw and measured by means of an inclinometer. The intercept angle with the solder wave is critical
because that angle determines the extent of breakaway fillet as the solder plane of the electronic module exits the
solder wave. The breakaway fillet shape is also dependent on the surface tension of the molten solder, which is
directly related to pot temperature.
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5.3.2

A double-sided, laminar-flow wave of sufficient width is required to provide adequate contact time between the

surfaces to be soldered and the molten solder. The wave should be 3.0 to 4.0 inches (75 to 100 mm) wide to
ensure sufficient dwell time. The height of the solder wave is less important than the shape of the wave. The
solder side of the electronic module will intercept molten solder for a longer time if the solder wave crest is flat
(1) rather than sharp ( A).

5.3.3

The travel speed of the PC board through the molten solder wave should be not less than 10 inches per minute

(4.2 mm/s). The residence time of a given segment of the board as it passes through the wave should not exceed
6 seconds. Sufficient heating time should be allowed to achieve the metallurgical reactions that result in wetting.
Insufficient time can lead to dewetting. Usually the proper conveyor carriage speed will range from 30 to 90
inches per minute (12.5 to 38 mm/s) but be capable of operating up to 180 inches per minute (75 mm/s).

5.3.4 PC boards wh

through the wa
5.4 Post-Solder Clea

Flux residues and othe
soldering. A series of
contaminants. A proceq
and contaminants to sp

541 Therecommen

a. Remove flu
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Remove pg
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Dry and std
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ning
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cleaning solvents should be used to remove flux residues, polar contg
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Hed cleaning practice for post-solder cleaning is asfollows:

X residues such as rosin and organometallisicompounds.

resoldered by passing

30 minutes, after wave
minants, and nonpolar
removing flux residues

npolar contaminants such as oil, wax, grease, resins, polymerized rosin, afd fatty acids.

lar and ionic contaminants such as-body salts, perspiration, process residu

re in a noncontaminating environment.

bil, 0il residues,\and flux residues in a rough cleaning step.

honpolar.contaminants in a fine cleaning step.

bolateontaminants in a fine cleaning step.

es, flux activators, and

d. Remove final traces of contamination in a finish cleaning step that includes a drying operation.

54.2

54.2.1

Rough Cleaning

Immerse the electronic module in a nonpolar solvent to remove the oil from wave soldering. Mechanical

methods such as agitation, directed pressurized stream of solvent, or brushing may be used to apply the
solvents. Ultrasonic cleaning may damage certain electronic components and should generally be avoided.
Nonpolar solvents recommended for removal of oil are as follows:

a.

b. Ethers or

C.

Halogenated hydrocarbons.

esters.

Ketones or ketone derivatives.
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d. Aromatic hydrocarbons.
e. Aliphatic petroleum distillates.
f.  Proprietary solvents or solvent blends.
5.4.2.2 Immerse the electronic module in a flux solvent to remove the rosin flux and flux residues from wave soldering.
Insoluble flux residues are extremely tenacious and may require additional energy such as brushing, directed
pressurized stream of solvent, or agitation to remove from surfaces. Solvents recommended for removal of flux
residues are as follows:
a. Halogenated hydrocarbons - 1,1,1-trichloroethane (methyl chloroform); proprietary solvents, and
azeotropes-
b. Alcohols,|alcohol blends, and alcohol azeotropes (the alcohol-based solvents arelpreferred for dissolving
rosin); isgpropanol, ethanol (special denatured 190 to 200 proof).
c. Fluorocagbon-alcohol azeotropes.
d. Fluorocatbon-alcohol azeotrope/alcohol blend.
5.4.3 Fine Cleaning
5.4.3.1 In the fine cl¢aning step, removal of both nonpolar and polar'residues should be accomplished by hot solvent
submersion followed by a directed pressurized stream of fresh or refluxed solvent [and then vapor phase
condensate hombardment until the vapor ceases to condense on the surface of the PC oard.
5.4.3.2 Clean the electronic module in a nonpolar solvent to remove residual nonpolar dontaminants using the
technique of $.4.3.1.
5.4.3.2.1 Nonpolar Splvents
a. Halogepated hydrocarbons =.1;1,1-trichloroethane (methyl chloroform); trichlorobepzene.
b. Ethers gnd esters - ethylether, butyl ether, certain acetates and appropriate proprietary formulations.
c. Ketonep or ketone derivatives - acetone, methyl ethyl ketone, methyl isobutyl ketope .
d. Aromatjcs - benzene, xylene.
e. Aliphatic petroleum distillates - mineral spirits, naphtha. n-pentane.
5.4.3.3 Clean the electronic modules in a polar solvent to remove contaminants using the technique of 5.4.3.1.
5.4.3.3.1  Polar Solvents

Alcohol, alcohol blends, alcohol azeotropes: isopropanol, ethanol, fluorocarbon-alcohol azeotrope, fluorocarbon-alcohol
azeotrope/alcohol blend.

5434

Remove final traces of polar contamination by immersing in hot, reagent grade water and dry by subjecting the

wet board to vapor phase condensate bombardment from a fluorocarbon liquid source until the vapor ceases to
condense on the surface.
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5.4.3.41

Final Cleaning Water

Reagent water possessing 1 y mho per cm conductivity or less (1 x 10°® ohm-cm resistivity or greater). See ASTM D 1193

Type Il

5.4.3.4.2

a.

Final Drying Agent

Fluorocarbon liquid.

b. Proprietary fluorocarbon liquid.

6. QUALITY

6.1

In addition to continued monitoring of the wave soldering process parameters, it is imperative

Wave Soldering

rocess Certification

that the soldering line

operators and inspectofs be trained adequately and be certified as competent to adjust paramefers as required and to

produce solder joints in|electronic modules to specification requirements.

6.1.1

6.1.5.1

6.1.5.2

Soldering line qperators should be trained to observe the wave soldering operation, be fa

miliar with the results of

wave solder pafameter change, and be able to make correctly any pécessary changes. Each line operator should

be certified to groduce soldered hardware to the requirements of the cognizant specificati
be maintained lipon successful completion of annual examinationsor by continued satisfa

Soldering line inspectors should be trained to inspect visuially the results of the wave sq
determine subtle differences between acceptable and rejectable soldered hardware. Eag
be certified capable to inspect to the requirements’of the cognizant specification. G

bn. Certified status may
ctory work in this field.

Idering process and to
h line inspector should
ertified status may be

maintained updn successful completion of annual examinations or by satisfactory work in this field.

The wave soldgring line should be certified as'capable of producing soldered hardware to
cognizant specffication.

the requirements of the

Each first article component lead material or each batch of components received should bg tested for solderability
to determine wgttability and joint formation capability. Solderability of component leads of other hardware items,
such as coppdr pads and conductor runs, may be tested by one of several available methods. Lead and
conductor wire polderability tests'may be conducted by means of commercially available splderability testers or by
laboratory soldgr pot immetsion.

pbarameter such as time
molten solder surface.

Commercial so|derability testing machines may be designed to measure some soldering
to form a wetted fillet-or the surface tension forces required to remove wire samples from g

The wetting time test measures the wetting characteristics by recording the least time required to produce
perfect, complete solder coverage. Each test sample, after fluxing, is immersed in a solder bath for a period of
time. Subsequent samples are immersed for longer time spans until dewetting ceases and a pin-hole-free
bright surface is obtained. Nonwetting is characterized by uncoated areas surrounded by ridges or mounds of
solder exhibiting high contact angle. Dewetting is characterized by solder coating on the substrate with globules
or ridges of solder, exhibiting high contact angle, protruding from the surface. Pinholes are indicative of a
marginal solderability condition where a definite tendency for dewetting exists. Inadequate surface preparation
or unsolderable substrate condition can be readily detected.

The globule method depends upon the use of a volume of molten solder, variable with respect to wire diameter,
at 235 °C £ 2 °C (455 °F + 4 °F) into which a fluxed sample wire is immersed. The time, in hundredths of a
second required to wet the sample wire circumferentially, becomes the basis for measurement of solderability.
This is the Ball Solderability Number (BSN). If the wetting time exceeds 2 seconds (BSN = 200), the
solderability for wave soldering may be unsatisfactory. If BSN = 300 or more, the sample may be considered
unsuitable for wave soldering.
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6.1.5.3

Solderability testers that use the force between solder and test sample as a measure of solderability are

available. The test specimens may be wire component, board sample, or metal strip. The degree of wetting and
soldering time may be deduced by analysis of transducer traces.

6.1.6 The solder-dip test satisfies the test requirements by visual examination of the solidified solder on the wire. The
integrated surface area wetted and contact angle determination provide indication of the degree of metallurgical
bond formed by reaction of the molten solder with substrate surfaces.

6.1.6.1

The dip method for solderability test has been defined by MIL-STD-202, Method 208, where the measure of

solderability is surface coverage. A dipped lead showing less than 95% coverage indicates failure to comply
with solderability requirements. The line of tangency where solder fillets are formed is examined. A very sharp,
acute angle indicates excellent solderability. Rounded, mounded, fillet edges, where the contact angle
approaches 90 degrees indicates very poor solderability.

6.2 Post-Cleaning Te

The PC board cleanirn
post-solder cleaning

contamination should b
residual contamination
These monitoring tests

a. Cleaning schedule

b. Preproduction proc
c. Process control.
6.2.1 lonic Contamin

The cleaning procedur
technique:

sts

g process should be monitored on a sampling basis to determine th
bequence. Several tests suitable for detection of residual (flux resid
e applied to determine the cleaning system and cleaning technique capa
may be acceptable in accordance with the functional requjrements of the
may be used for:

Hevelopment.

bss confirmation.

htion Test

b should remove all traces of ignic contamination, determined by the follg

sample PC board in_sufficient reagent water to submerge the entire boar
bo volume of water (5ymL of water for each cm? of board surface).

e effectiveness of the
ues or residual ionic
bility. Various levels of
circuit being fabricated.

wing laboratory testing

H, but which relates the

uced,” reagent water conductance level should be noted prior to board impmersion (less than 1 p

uctivity).

bnce «of\the washing aliquot should be measured by means of a cond
equivalent range and accuracy.

uctivity bridge or other

NOTE: All laboratory ware should be scrupulously clean.

The conductance of the water extract should be measured as noted by change in conductance. The extract

should exhibit a change of less than 0.5 y mho/cm conductivity after stirring for 5 minutes with the sample
board submerged. If the ionic contamination exceeds the allowable level, the cleaning procedure should be
modified (or the procedure should be repeated) to bring contamination to a value below the above specified

6.2.1.1 Immerse the
surface area
6.2.1.2 The "as-prod
mho/cm cond
6.2.1.3 The conduct
instrument off
6.2.1.3.1
6.2.1.4
allowable limits.
6.2.2 Rosin-Based Flux Test

The cleaning procedure should remove all traces of rosin, determined by the following laboratory testing technique:

6.2.2.1

Immerse the sample PC board in warm absolute (190 proof or higher) alcohol for 5 minutes.
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