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I N T R O D U C T I O N
With the phasing out of CFC’s and HCFC’s, the electronic 
industry evolved standard solder pastes and fluxes from RA and 
RMA fluxes. These included several types of No-Clean, Aqueous, 
and Semi-Aqueous cleaning solutions. However, the advent of
lead-free soldering and the progressive miniaturization of
electronic devices further complicated the scenario for the 
suppliers of these cleaners.

Three factors mainly affect the cleaning performance of cleaning 
solutions:

• HANSEN PARAMETERS — a characterization of the
contaminant to be dissolved, signifying the solvency power 
of the cleaning solution.

• SURFACE TENSION — important as the cleaning product has
to dissolve contaminants under or around closely packed 
components.

• PHYSICAL PARAMETERS — such as temperature, mechanical
activities necessary, and the duration of the process.

Effective cleaning requires managing the above parameters, 
while taking care of high-tech miniaturization and of the
environment, for instance, by complying to RoHS and REACH 
requirements. Accordingly, most electronic OEMs adapted their
consumable devices production to meet customers’ demands 
for cleanable and no-clean boards. However, the other segment, 
the non-consumable devices that include military equipment, 
medical equipment, medical implants, satellites, safety parts 
for vehicles, and many other products that need their PCBs to 
be reliable, definitely require to be cleaned. All in all, cleaning 
involves a cost, and PCB assemblers adapt it for maintaining
stability, efficiency, quality, and performance of their products.

No-Clean Flux Solder Paste technology is increasingly becoming 
popular in the electronics assembly industry, as it offers several 
benefits. These include a reduced number of process steps, 
simpler qualifications without the need to specify cleaning 
details, and reduced expenses.

Some customers require the extra confidence that comes with 
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cleaning. For such cases, OEMs have the 
option of using Water-Soluble Flux Solder 
Paste. However, there may be other 
reasons as well for cleaning, such as when 
the PCB requires a conformal coating, 
when a clean looking PCB is important, 
when the PCB will be tested with a 
flying probe, and when high-voltage and 
high-frequency applications demand no 
surface contaminants on the PCB.

DEFINING CLEANLINESS 
OF A PCB
For PCBs intended for high-voltage 
applications, it is usual to specify the 
surface resistance as a measure of its 
cleanliness—a clean PCB surface will 
always show higher resistance. In other 
cases, the amount of residue in the 
cleaning solution is taken as a measure 
of the cleanliness achieved after the 
assembly goes through a cleaning
process—the cycle being repeated until 
the desired level of residue is achieved.

However, for most applications, certain 
process considerations or simply the 
cosmetic finish defines the cleanliness 
required. This is where assemblers prefer 
to use the No-Clean Flux Solder Paste.

ADVANTAGES OF 
CLEANING
Although a major number of PCB 
assembly companies across the globe are 
using No-Clean Lead-Free Flux Solder 
Paste, there are many reasons why others 
clean their PCBs: 

• Cleaning is not only for flux residues.
Other contaminants such as ink, salts, 
solder balls, fingerprints also need 
to be removed, as they may cause 
unpredictable performance.

• Flux residues make the board
unappealing in cosmetic appearance.

• Conformal coatings may fail if there
are flux residues on the board.

• Repair or rework may leave corrosive
residue on the board, likely causing 
dendrite growth and corrosion later.

• Flux residues may make it difficult for
QC inspectors to check boards visually, 
and often cause automated visual 
alignment systems and bed of nails 
test system also to fail.

• High-Voltage systems often do not
tolerate the presence of flux residues.

• Analog-to-digital conversion circuits
find flux residues troublesome.

• Flux residues make it difficult to
troubleshoot field repair failures.
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N O - C L E A N  F L U X  S O L D E R 
PA S T E
Using No-Clean Flux-Solder Paste during the SMT assembly process usually leads to a
cosmetically clean PCB assembly. This is because the manufacturers of the No-Clean Flux 
Solder Paste design the combination so that flux burns away during the reflow process, 
leaving only a small amount of residue behind, which depends on the quantity of solids 
the flux-solder paste initially contained. Most flux solder pastes, in common use, generally 
contain 50-70% solids. The lower the solid content, the lower the volume of the flux 
residue. The solids are the activators, gelling agents, and resins the manufacturer had used 
when formulating the flux-solder system.

However, if the assembly process involves some hand soldering after the reflow process,
such as manual soldering of a through-hole component, small areas of flux may remain
on the PCB surface.

Manufacturers specify No-Clean Flux-Solder Paste by the constituent alloy type, flux type, 
powder diameter, and metal percentage by weight. Pastes for printing usually contain a 
metal percentage of 88-90%. For fine pitch components down to 16 mil, the most 
recommended mesh powder is the Type III, with powder diameter of 20-45 microns.

By using No-Clean Flux-Solder Paste, it is possible to effectively solder nearly all popular
metal finishes. Recent improvements in the activator packages allow excellent soldering
of hot air leveled boards, bare copper with organic surface preservatives, Gold over 
Nickel, Silver immersion, and Tin-plated boards. On the component termination side, No-
Clean Flux Solder Paste is effective for leads coated with Nickel, Silver Palladium, Silver, 
Tin-Lead, or Tin. Most solder manufacturers offer products that solder specific surfaces 
effectively, and still maintain the electrical resistance and non-corrosive characteristics 
required for qualifying them as no-clean pastes.

As No-Clean Lead-Free Flux-Solder Paste exhibits lower wetting than that typically 
observed with the older Sn/Pb systems, use of no-clean solder may leave corners or edges 
of pads exposed. Usually, this requires a change in the stencil design, where the aperture 
opening must cover the entire pad to have complete solder coverage after soldering. 

As No-Clean Lead-Free Flux-Solder Paste exhibits lower wetting than that typically 
observed with the older Sn/Pb systems, use of no-clean solder may leave corners or edges 
of pads exposed. Usually, this requires a change in the stencil design, where the aperture 
opening must cover the entire pad to have complete solder coverage after soldering.
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Depending on the resin 
system the manufacturer 
has used when formulating 
the flux system, the residue 
from No-Clean Flux Solder 
Paste may vary in color 
from clear transparent to 
amber. Usually, modified 
resin systems generate a 
pale transparent residue, 
while rosin based No-Clean 
Flux Solder Pastes tend 
to generate more amber 
colored residues.

Another aspect to consider 
is reflow profiles and their 
impact on residues. The 
heating profile during reflow 
affects wetting, the amount 

of flux residue, the hardness, 
and the ability to clean the
residue. In general, hotter 
thermal profiles darken the 
flux residue. Additionally, 
the chemistry of the No-
Clean Lead-Free Flux Solder
Paste will determine 
whether the flux residue
flows out of the perimeter of 
the soldered joint or remains 

on top of the soldered joint.

As manufacturers formulate 
their individual No-
Clean Flux Solder Pastes 
differently with different 
solvents, resins, and 
activator packages, one has 
to follow the manufacturer’s
recommendations for a 
suitable thermal profile—
using a thermal profile with 
several thermocouples 
attached to key areas of 
the board makes it easier to 
generate a suitable thermal 
profile.

The residue from using No-
Clean Lead-Free Flux Solder 
Paste is not corrosive, as the
manufacturers have 
designed the flux residue to 
be left on the board after 
soldering. The residues 
from no-clean flux are 
hydrophobic—they do not 
attract water from the
atmosphere, and they also 
exhibit very high electrical 
resistance. Residues from 
most No-Clean Lead-Free 
Flux Solder Pastes pass the 
J-STD-005 requirements for 
surface insulation resistance, 
halide content, and copper 
corrosion.

In most cases, the flux 
residue from No-Clean 
Flux Solder Pastes are pin-

testable. As compositions 
may vary, some 
manufacturers design the 
residue to shatter when the
pin contacts them, while 
others design them to 
be soft and the pin can 
penetrate them easily. 
Among the various pin 
designs that exist, multi-
point pins generally offer 
the best performance with 
lower false failures. 

The nature of the flux 
residue also plays a role in 
false failure readings when 
testing with pins. Flux 
residues that accumulate 
around the perimeter of the 
soldered joint offer the best 
performance during testing, 
while residues sitting on top 
of the soldered joint usually

generates more false 
failures while pin-testing. In 
addition, testing boards with 
soft flux residue requires 
one to institute a procedure
of periodically cleaning the 
test probes.
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Using No-Clean Lead-Free Flux Solder 
Paste generally does not require a 
Nitrogen atmosphere to achieve good 
wetting and reliable solder joint. However, 
presence of Nitrogen does help in 
improving the appearance of the soldered 
joint.

Work environment, temperature, and 
humidity affect the properties of No-
Clean Flux Solder Pastes during the SMT 
process—the most recommended 
environment being a temperature of 20-
25 degrees celsius and a relative humidity 
of 40-60%. Lower humidity levels may 
cause the solder paste to dry out faster 
resulting in improper coverage with the 
stencil. Higher humidity may cause water 
pickup due to condensation, reducing the 
viscosity of the paste, leading to bridging 
and slump. Viscosity of the paste is likely 
to fall with rise in temperature, and 
increase due to a fall in temperature of 
the environment. A change in viscosity 
usually results in printing problems.

For cleaning stencils and misprinted 
boards, one cannot use water, as No-
Clean Flux Solder Pastes are 
hydrophobic—Alcohol-based cleaners or 
solvents are most useful here. Misprinted 
boards can be effectively cleaned of 
solder paste by immersing them 
completely in an appropriate solvent, 
rather than simply wiping them.

WATER-
SOLUBLE FLUX 

SOLDER PASTE
Water-Soluble Flux Solder Pastes are 
usually mixtures of active chemicals in 
solvents, mostly non-aqueous. Such flux 
solder pastes are relatively strong, and 
their residues are generally soluble in 
water. However, all components on the 
assembly line and on the PCB must 
remain sufficiently sealed to withstand 
immersion in water.

As flux manufacturers select activators 
for their solubility in water, these are most 
often hygroscopic, absorbing water from 
the air. Therefore, board washing within 
a finite time after processing is necessary 
to prevent the flux residue from attacking 
the joints. 
 
As the activators enter the water wash 
system, they tend to make it more 
suitable for situations where the board 
has excessive levels of contaminants or 
oxidation. However, this may pose a 
problem for assemblies with open 
windings or catch pockets as the 
corrosive residue may get trapped in 
such areas during washing.



Pg. 8

C O N C L U S I O N
All No-Clean Flux Solder Pastes actually 
leave some residue behind. Electronic
assemblies have a tolerance for residues—
some have a higher tolerance, while for
others tolerance is on the lower side. 
Residue tolerance depends on several 
factors such as working voltage, in-use 
environment, component placement and 
density, and assembly design. 
Electro-chemical migration is one major 
cause of residue intolerance, and to 
prevent this, it is necessary for assemblers 
to remove all traces of flux. However, as 
noted above, No-Clean Flux Solder Paste 
technology is making impressive progress 
towards becoming really no-clean.

Reach out to us for a free pre-production 
assembly Q&A session with our engineers.

20100 E. 32nd Pkwy. #225
Aurora, CO 80011
www.aapcb.com | (800) 838-5650


