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“June 1, 2000

“To whom it may concem:

This letter is meant to convey the known safety and guidclines for cleaning populated SMT assemblics
with ultrasonic technology. '

Smart Sonic Corporation is a world leader in providing stencil cleaning equipment and chemistry to the
SMT industry. While expert in cleaning technologics, Smart Sonic does not profcss to be expert in the
asscmbly or test of printed circuit boards We can only sitc what industry experts have published and
shared with our tcchmical staff. ‘

The U.S. Military ¢stablished the caution of cleaning PCB asscmblies with ultrasonic tcchnology nearly
50 years ago. At that time the wirc bonds and certain componcnts were delicate and the new technology
of ultrasonic cleaning, using low-fixed frequencies 20 - 25 kHz, was aggressive and uncontroliable.
However, present day SMT asscmblics are very robust and durable and ultrasonic cleaning technology
has matured to become the most controllable precision cleaning technology available. Now, the two
technologics are reported to be very compatible.

7 Experts such as William G. Kenyon (SMT Magazine, May 1995), Les Hymes (Circuits Assembly, Scpt.
1999), and the late Charlcs L Hutchins (SMT, Nov. 1992) have all expressed their opinions and generally
conclude that ultrasonic clcaning is a very viable option for clcaning modern electronic assemblics.

Established guidelines for safc ultrasonic cleaning of clectronic asscmblics include using;

"o Power densitics of 11 watts per liter or less
Frequencies of 40 kHz or higher (multi or sweep fiequencies)
Wash ¢ycle times of 10 minutes or less
‘Thorough rinses to remove wash solution. An ultrasonic DI water rinse may be necessary
becausc sprays cannot rcach into the same tight tolerance arcas as ultrasonics.
As with any new process, thorough testing prior to implementation is a good practice. 1PC standard test
methods IPC-TM-650 2.6.9.1 and 2.6.9.2 may be used.

For in depth technical data, I also recommend the following articles:
7MIL-STD-2()00A, Fcb. 1991, “Standard Requirements for Soldered Electrical and Electronic
Assemblics
‘e B.P. Richards, P. Burton and P K. Foomer, “Does Ultrasonic Cleaning of PCBs Cause'
Component Problems: An Appraisal” IPC Technical Review, June 1990.
Yours truly,

“William C. Schreiber
President
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- Ultrasonic Cleaning
Acceptance Accelerates

Jthough ultrasonics isa
comunonly used tool in
the deaning industry, it
has been controversial
in the electronics
industry because of

the military in 19505
and '60s. Since then, clectronic com-
ponent and ultrasonic technologies
have improved markedly. The single
or fixed frequency, 25 kHz ultrason-

ic systems used 30 years ago dam-

aged components because of their

“"
[N}

damage recorded by

Honeywell Military Avionic
recently reported their extensive
ultrasonic qualifications studies.
Twenty different components were
tested, many of which were sclect-
ed because they were thought to be
susceptible to damage. A minimnum
of 100 components of each type
were cvaluated, The research was
performed using two. generators
which use sweeping frequencies in
the 40 kHz range. The test method
used was [PC-TM-650 2.6.9.1,
“Test to Derermine Sensitivity of

ultrasonics is a very

viable option for defluxing

hgfw cavitation energy and ability

tv resunate wire bonds and other del-
icate cormponents, _

With the phasc-out of CFCs and
the increase of intricate surface
mount technology geometrics, the
use of ultrasohics is becoming
mandatory in many cases to achicve
the required cleanliness levels. Dr.
Brian Richards of GEC Hirst
Research Center (UK) plus Ayche
McClung and Bill Vuwono of
the Electronics Manufacruring
Productivity Facility have donc
extensive testing to qualify the use
of ulurasonics. Their research has
shown there is litde risk of damage
from ultrasonics. Richards now rec-
ommends the use of ultrasonics as
an incoming inspection tool for
components, since failures arc cons
sidered as indicators of infant mor-
tality in the ficld. This same screen-
ing method has been used wo check
heart pacemaker assemblics, since
field failure is generally considered
unacceptable by the end user.

modern electronic a_ssemhligs."

Elccronic Assemblies to Ultrasonic
Energy,” which uses water as the
westng medivm, since it represents
a2 “worst case” conditon. Out of
over 4,000 components tested, only
four failures were found after an
excess of 100 hr exposure. No pre-
screcning was done prior to testing.
A failed wire bond on a transistor
appeared o be related to the quali-
ty of the wire band. The other type
of component which saw failure was
a'mechanical relay. Failure analysis
concluded that it was not duc to
ultrasonic degradation, but cither
possible conramination in the con-
tacts, resulting in an open circuit or
a mechanical switch alignment
problem. S

The conclusion reached from
this experiment and similar work on

high frequency microwave deviee:

cleaning was that alerasonics is a
very viable option for defluxing
modem clectronic assemblies. The

- combinstion of sweeping frequen-

cy/power contro) ultrasonics, good

process control snd componcnt
verification with the specific cquip-
ment to be used in production wll
ensure a damage-free process.

Use of Saponifiers

While “white residucs” on printed
wiring asscmblics werc usually asso-
ciated with the milder CFC-based

- solvents used to remove rosin fluxes,

the literature does contain refer-
ences to white flmy residues from
water soluble fluxes. Studies of this
phenomenon showed that certain
flux constituents could form high
molccular weight polymeric net-
works that were totally water insol-
uble, possibly catalyzed by the
strong, acidic flux residues. A recent
paper proposes the use of an inor-
ganic saponifier to prevent the for-
mation of such residues on printed
wiring asscmblics and provide lower
joni¢ Jevels. Whil all the steps in the
mechanism have not been clucidat-
ed, ic is quite likely chat the mild
allaline nature of this cleaning agent
reacts with acidic flux residues o
preclude white residue formation
and the entrapped ionics usually
found therein. If this is the case,

there is an excellent opporrunity for

flux formularors to develop aggres-
sive fluxes that can have all their
reactive components quénched by
the cleaning agent, similar to the
way that phowgraphers use a fixer to
stop the development process of
photographic film. This will provide
a safer process that can still effec-

tively solder masginal compunents.
Cleaning Supercomputer
Assemblles

A“TechBrief” on the cleaning sud-

ics done by Cray Research Inc,
(CRI) to find a CFC alternative for

their large, denscly populated print-

ed wiring assemblics provided

Mav 1995/SMT 21
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Equipping for the Cleanup

by Charles L. Hutchins, C. Hutchins & Associates, Raleigh, North Carolina

leanup 1s probably the most

technologically dynamic of the

basic SMT processes. As one

indication, last month | stated

thal perhaps the most popular
cleaning fluid is based on a citrus-de-
rved hydrocarbon. However, at the Sur-
tace Mount International (SMI) Techni-
cal Conterence last Sepltember, a trend
toward different hydrocarbons that min-
imize concerns and problems with pro-
cass control, volatility, and tlammability
is apparently in force.

In any case, the first decision in spec-
ifying cleaning equipment is governed
by board size and volume requirements.
Cleanup of small boards produced in low
volumes is costly and inefficient within a
large in-ling system environment. On the
other hand, large boards may not fit in
some of the smaller systems.

Benchtop Cleaning

For small-volume manufacturers, a sys-
tem compatible in size and cost 1o the
rest of the manufacturing equipment is
best. This system also could be used for
cleanup after manual operalions, such
as manual installation of special com-
ponents, test, and rework. In the past,
this was usually accomplished with a sin-
gle vat system and either CFC-113 or a
1,1,1-trichloroethane type of solvent, and
may have included a heater and/or ul-
trasonic agitation. Although systems of
this type are slated tor elimination due
to environmental reasons, semiaqueous
cleanups in general were not on display
al SM. Private discussions, however, n-
dicate that development and market
availability of alternate semiaqueous
cleaning systems are possible in the
near future.

Assuming the trend toward semi-
aqueous cleanup continues, future sys-
tems will likely feature two vats, either in
one external shell or, possibly, two sim-
ilar systems. The first vat would contain
the solvent; the second, a water rinse.
Again, heat or ultrasonic agitation can
be used to increase cleaning efficiency.

Since board volumes will be small
and the corresponding flux usage low,
the solvent and water can be used for a
reasonably extended period, minimizing
the need for filtration and/or recovery.
After the solder balls are filtered out, the
spent cleaning solvant can be returned
to the vendor for disposal as waste fuel.

Batch Cleaning: Three-Vat System
A figor-standing system that can handle
larger boards in higher volumes works
well for bateh cleaning. Typically, this is
a three-val system including a wash sta-
tion, a first rinse station, and a final
rinse/dry station. The arrangement per-
mits use of a decanter with the first nnse
to reclaim the solvent. (Bacause of the
higher volume water requirement, con-
sideration also shouid be given for an in-
tegral closed-loop water reclamation sys-
tem.) Heat and ultrasonic agitation
improves the process, while spray rins-
ing would be indicated in the final step.

High-volume in-line systems use the
basic concepts of benchtop and batch
cleaning but add a transport belt and,
perhaps, one or lwo additional rinse
stations to increase throughput and
maintain cleaning efficiency. The em-
phasis on improving the cleaning
process, however, now shifts to spray
technology, since ultrasonic assistance
(see below) is generally difficult. Some
older systems use “spray under
immersion” 10 minimize sol-
vent volatility and flammability
concerns. The larger semi-
aqueous process in-line sys-
tems, having been pioneered
by the larger firms, have the
greatest number of operational
hours. Their combination of
resources and lechnical capa-

|

Ultrasonlc Agitatian

Although there are specilications pro-
hibiting its use, ultrasonics to improve
cleaning efficiency has spawned sever-
al “old wives' 1ales” about possible prob-
lems. For my pan, | have not sgen any
credible evidence backing these claims
with respect to the equipment on the
market. Work conducted at the GEC-
Hirst Research Center (Middlesex, Eng-
land) showed damage could be induced
with powar levels and process times two
1o three times that normally used. How-
ever, with the exception of those with
faulty wire bonding, no damage 1o com-
ponents was found. In fact, ultrasonic ag-
itation serves as a good environmental
“screen” for poor quality in componsnt
design and assembly.

For those who wish to know more,
the Institute for Interconnecting and
Packaging Electronic Circults (IPC) has
a task group that is exploring the tech-
nology further. For more information,
contact Task Group leader Carroll Smi-
ley, Du Pont Electronics, Raleigh, N.C.;
telephone: 919/248-5076.

Better Sooner Than Later
To my knowledge, there is no equip-
ment of proven capability available for
small-volume manufacturing. Yet, when
one considers the number of systems
that currently use CFC-based solvants,
) a huge number of such sys-
tems obviously are nesded.
Although on the high side,
this scenario perceives a
need for new equipment ad-
judged to be three 1o five
times that which the equip-
ment industry can now pro-
vide. Obviously it cenanly
behoovas the prudent plant

bility, including collaboration Sp ecifying manager to make his deci-
with fluid and equipment ven- systems now sion to convert to the new
dors to pertect the equipment processes and select the ap-
and processes, has succeed- may save propriate equipment as soon
ed in significant upgrading as practical. And now just
of operalting and environmen- iy later. may be the most economical
tal safeguards. — time! smt

Surface Mount Technology November 1992 11
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METRIC
MIL~-STD-2000A
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SUPERSEDING
MIL-STD-2000
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MILITARY STANDARD

'STANDARD REQUIREMENTS
| FOR
'SOLDERED ELECTRICAL AND ELECTRONIC
| ASSEMBLIES

AMSC N/A : SOLD
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'ULTRASONIC CLEANING OF MILITARY PWAs

by

Bill Vuono and Tim Crawford
Electronics Manufacturing Productivity Facility
Indianapolis, IN

'ABSTRACT

Ultrasonic cleaning is a successful method for cleaning printed wiring

assemblies (PWASs) to a level required by both industry and military standards.

Unfortunately, it is also a controversial technique due to possible component
damage. Studies performed in the 19508 determined that ultrasonic energy ‘can
damage fragile wire interconnects between the die and the terminal of
microelectronic devices. Based on ‘these studies, the Department of Defense
(DOD) has not allowed ultrasonics to be used when cleaning military PWAs.
However, recent technological changes in both component manufacturing and

board assembly have caused the military to reevafuate this position.

The Electronics Manufacturing Productivity Facility (EMPF), in
cooperation with industry, bas taken the initiative to conduct a comprehensive
study to determine the effects of ultrasonic cleaning on PWAs. Metal-cored
boards affixed with leadless chip carriers (.CCs) and compliant pin surface
mount devices were subjected to ultrasonic energy during cleaning. The
assemblies were then subjected to various epvironmental tests to observe
detrimental effects that ultrasonic energy may have on sensitive componeats.
These findings and the potential application for ultrasonic cleaning on military
hardware are presented in this paper. ‘

'INTRODUCTION

The increasing trend toward surface mount technology has added new
challenges in the area of cleaning electronics. Dense packaging and smaller
component standoff heights have created areas that are large enough to entrap
corrosive flux, but too small to clean using conventional solvents and
equipment. Surface tensions prevent most solvents from penetrating small
areas to dissolve and remove contamination. Capillary action can sometimes
aid in drawing the solvent to the contamination, but then the softened residue
is too viscous to be removed by simple draining. Additional force is needed to
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'MIL-STD-2000A

NOTE: Chloroflyorocarbon (CFC) based solvents bave been
provan o be hanadous 10 the caviveament. Their
continued 'use is not recommnended: and should be
phased out. Use of solvent seciamation systems is
encouraged. '

5.3.4.1 Ultrasonic cleaning.  Ultrasonic cleaning is permissible:

‘a. om bare boards o assemblics, provided oaly terminals or connectors without
internal elootroaicy wre- present, or

'b. o0 electronic assemblizs with electrical compoaents, provided the contractar has
documentation available for review showing that thaasew.of 1itsasenicsdoes not

damage the mechanical or electrical performance of the product os components
being cleaned.

5.3.5 Cleanliness testing. Periodic testing of ionic cleanliness of the product after final
cleaning (i.e. the cleaning prior w conformal coating, encapsulation, or incorporation into the
next higher assembly) shall be conducted to ensure the adequacy of the cleaning process(es). As
a minimum, a represcatative sample of each product type (i.c. part oumber, €ic) or the moast
complex assemblies processed through final cleaning shali be tested on a daily basis. If any
assembly fails, the entire lot shall be recleaned and retested. The resistivity of solvent extract
test, or the sodium chloride (NaCl) salt equivalent ionic contamination test, or an equivalent test,
which is fully documented and available far review by the government, shall be used to test for
ionic cleanliness. The resistivity of solvent extract test shall have a final value greater than 2
megohm-centimeters. The sodium chloride salt equivalent ionic contamination test shall have a
final value less than 1.55 micrograms per square centimeter (2.2 x 108 1b,/in?) of board surface
area. There shall be no visible evidence of flux residue or other contamination. The resistivity
of solvent extract test and the sodium chloride salt equivalent ionic contamination tests are
defined in Appendix C. Alternative equipment, with the appropriate equivalence values, may
be used to verify cleanliness.

'NOTE: 2.Z7x 10°® lbm/in2 is equivalent to 10 micrograms/in?.

5.3.5.1 Qualification of cleaning and cleanliness testing processes for surface mounted
assemblies. Prior to use on production hardware which includes surface mounted components,
the manufacturer shall test representative control assemblies and define accepuable ionic
cleanliness testing equipment, processes and control parameters. The combined action of the
cquipment, process and controls shall consistently verify that the sodium chioride or equivalent
ionic contamination test value for the _‘producu'on hardware is less than 1.55 micrograms per
square centimeter (2.2 x 108 1b_/in%) of board surface area. The representative control

m
assemblies used for establishing the test method shall be processed using the same matenals, pans

- ﬁ 27
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The “approved” list of solvents comprise a starting point
to determine what works best for a specific operation.

An Update on
Phase 2 Testing of
CEC Alternatives

By Tim Crawford

The Electronics Manufacturing Productivity Facility

(EMPF) is a U.S. Navy Center of Excellence rasked to -

do researclyin elecuronics manufacruring. For the past
seven years, it has been involved with uther Deparunent
of Defense agencies, the Environmental Protection
Agency and the Institute for Intcrconnictng and
Packaging Eleceronic Circuits (IPC) to find alternatives
w CFC-based solvents for cleaning clectronics. The
group established a three-phase test plan: Phase 1 char-
acterized thie cleaning ability of 3 CFC-based solvent
and established the cleanliness results as a bend'umrk
by which altcrnatives are com-
pared. Phase 2 uses the same
processes and procedurcs estab-
lished in Phase 1, changing only
the cleaning process to the alter-
native candidate. Finally, Phase 3
examincs the potendal use of
water-soluble fluxes with aque-
ous ¢leaning, low-residue fluxes.

0.060" and is configured on FR-4 laminate. It features
four quadrants, cach with a comb pattern 0f 0.006” lines
and spaces and via holcs to allow flux to flow 10 the top

- of the board. The rwo left quadrants are identical as well

as'are the two right quadrants, but only the top quad-
rants are populated with 0.050" picch, 68-pin leadless
chip carriers (LCC). The pads and via holes on cach left

* quadrant are linked in a daisy chain pattern to measure

ionic residucs between the pads; they represent
through-hole technology. The right 'wo quadrants rep-
resent SMT and contain s set of parallel traces running
ousside of the pads. This reading
is 2 measurement of solder paste
residue. Each quadrant has four
copper lands covercd by soldcr-
mask to set a fixed component
standoff height of 0.005 "

All aspects of the test are
rigidly controlled and carefully
monitored. The flux type and

with no cleaning and controlled the paste type are specifically
apmosphere  soldering using identified as is the quandty
adipic and formic acids as 2 “flux” (weight), thermal profile and
with no cleaning. cooling tme between manufac-
wring steps. The five assembly

Phase 1 sequences (figure 2) mimic both
Initial testing characterized the surface mount and mixed tech-
cleaning ability of a niromethane- nology. The first group (A"
stabilized, CFC-based solvent. group) acts as a control to mea-
The cleanliness tests were ionic surc cleanliness levels prior 0
conductivity, residual rosin, High ) manufacturing: The two “B"
Performance Liquid Chromato- Figure 7. The test boards in Phase | groups measure how much flux
graphy (HPLC), Surface Insula- alternative cleaner evaluation emeige and paste residues are placed on
non chsrmce (SIR) and visual from the system’s curained section, the test assemblies prior to
. Thetestassembly des-  Because the various materials performed cleaning — important because
ignated as IPCB-36 (Rgurc ), was  best under conditions that varied widely,  the cleanliness test results from

: designed primarily around the SIR  final selection may require more than filing . these groups establish that all
test. The board measures 4x 4 x the machine and stanting the process. Phase 1 and Phase 2 tests are

4R SMT/Aoril 1995



AN UPDATE ON PHASE 2 TESTING OF C¥C ALTERNATIVES

Figure 2. The five
assembly sequences
of Phase |, The A
group serves as
control; B groups
measure flux and
paste residues
before cleaning;
C and D measure
the alternative’s
cleaning ability.

B B
B L

conducted under similar conditons. The “C" and “pr
processes messure the solvent’s cleaning ability.

Phase 2 is dusigned so that an evaluation.to ger an
alternative cleaner “Phase 2 Approved” is possible if
the proper equipinent capabilities are on hand. To ver-
ify that all candidates arc tested on similar grounds, a
Test Monitoring and Validation Team (TMVT) is
incorporated. The team is made up of members from
an ad hoc group datacty as a newtral party to verify the
test results and o certify that all aspects of the test plan
are adhered to.

“The Phase 1 schedule is very aggressive, Organized
in March 1988, it completed the testing by February
1989. By October, the final report was published for
international comment. Phasc 2 also began in 1989 and
by July 1994, fully 23 alternative cleaner candidates
were tested.

Phase 2 e
‘As mentioncd, the only change allowed for Phase 2 is
in the cleaning process. To date, the 23 CFC alterna-
tives have dchieved a rating “as good as” or “beweer than”
CFC-based solvents. (Five are either not commercial-
ly or no longer available for various reasons.) The 18
remaining alternatives arc listed in table 1. -

EMPF has tested 14 of the 18 alteynatives on this list.

Though all were found to be successful, the circun-
stances of opcration varied. Some work effectively at
* room temperature while others work betrer (or only) at
" elevated remperatures. Soime work effectively inrela- .

tively short process times while others require longer
washes and/or rinses. Still others are dependent on
spray pressures. Accordingly, selecting the “right” aleer-

" native may require more cffort that filling the machine

and beginning the process. The “best” solvent or cven
a “possible” solvent will depend on the specific opera-

tion. One may use this list as a starting point, select a
* few possibilides, and see what works best.

In addition to cleaning capacity, there are other con-

 cerns that must be considered. Matcrial compatbility

exarmines how these solvents will react to materialson

the PCB, such as part markings, soldcrmask, laminates

 and some components. Industrial hygiene and safery

il

address odor, flammability and exposure limits, From
an environmental standpoint, is the waste treated as
hazardous or can it be merely sent to drain, recycled or
cven close-looped? Considering the regulauons already,
in effect in some areas, js the slternanve a volatlg organ:
ic compound (VOC) or a global warmer? Finally, the
costs associated with the new process must be consid-
cred: those for cquipment costs, materials, operational,
maintenance, engineering, labor and waining. There
are also costs associated with support equipment foy
water, !air and waste management.

Cleaning with Ults Ic Energy
Using ultrasonic energy to satsfactorily clean tough sit-
uations or to improve on a less-aggressive solvent’s
cleaning ability may also be an option. Historically, the
military has been-against the use of uluasonic eneigy
due to studies performed in the 1950s that showed its
frequencics were causing fragile wirc incerconnects of
microelectronic devices to fatigue and eventually brcak.
Additionally, in most cases ultrasonic energy was not
necessary for the relatively easy-to-clean technology of
that Groe. The evolution from through-hole to surface
mount 1 fine-pitch and now ball grid aray, howcver,
has made the use of ultrasonic encrgy 2 ool to be con-
sidered. At the same time, newer wire bonding tech-
niques have provided a more robust component ableto
withstand the harsh vibrations of ulrasoruc energy.

More recent studics conducted by the EMPF and
others yield a better understanding of ultrasonics such
that a “change of heart” by the military has prompted
these revisions to som¢ specifications:

“Ulerasonic cleaning is permissible on electronic asiomsblics
with electrical components provided the coneracor bas docu-
mentation available for review shawing that no damage
vesults in the machanical or elecerical pevformance of the prod-
st o7 components being cleaned.”

“This is not to say ultrasonics is 100 percent safe. Under
proper conditions ultrasonics can be a uscful tool, bur
fatigue is a definite part of the technology, and some com-
ponents under certain applications will fail. Best advice:
“Test clean” 8 safe sample of the product using ulerasonic
encrgy before a large invesonent is made.
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SMT Stencil Cleaning - A Decision that Could Affect
Production

R. S. Clouthier
AMTX, Inc.. New York, USA

ABSTRACT — SMT stencil cleani

has traditionally been thought of as & ‘maintenance’ procedure with little or no Impact on

production. Today. CFC and VOC cleaning processes are being replaced because of environmental concerns. and fine-plich
and ultra line-pitch assemblies are commonplace. Thase changes in cieaning processes and product specifications have shed
new light on the Importance of properly cleaning SMT screens and stancils In order to pravent damaga to the stencil and polential

production-related problems.

This paper lakes an unbiased look at the dilferent stencil cieaning processes available through the eyes of an SMT stencil
manufaclurer. The paper outlines the agvantages and disadvantagas of using ‘jot spray’ washers vs 'ullrasonic’ washaers, aqueaous
and semi-aqueous vs solvent cleaning agents, and the affects ol hot wash solutions and hot drying air vs amblent wash solutions

and drying techniques.

Specific criteria avaluated include: cleaning effectiveness of the process, potential adverse effects of the process on the
integrity of the stencil; production down-time and other potential production-related problems: potential health hazards 0 users,
environmantal iImpact ol the process, and waste stream managemant

Magnified pholography Is used to demonsirate the relalive affecliveness ol various cleaning technologias. Third party

raferences of other industry experts, along with the author's own experlences, are cited 1o support tha Information provided

INTRODUCTION

Because of the environmental concems driving loday's technology
decisions, the once simple decision of selccting a siencil-clcaning process
is now clouded with different chemicals, different cleaning machines and
various types of solder paste, all with specific environmental. health and
safety related issues and regulations. Now that CFCs are undesirable, many
companies that clean PCBs have changed 10 using saponifiers and hot water
to clean RMA Nux from post soldered boards.

Since CFCa worked 10 clcan salder paste. when the PCB cleancrs were
using CFCs, it secmed only natural to follow the lead of the PCB cleaners
when the swilch was made lo saponifiers and hot water (o clean solder paste
from SMT screcns and siencils. However, a major variable was overlooked
- the effect on the stencil. PCBs travel through a 200°C reflow oven and
are not sensitive 10 elevated temperatures. The SMT stencil, on the other
hand, is manufactured utilising heat cured adhesives that bond the metal foil
10 the screan and the screen to the frame. If a stencil is washed in hot water
or dried with hot air, the ‘heat sensitive’ adhesives will tend to break down
and the siencil will fall apan.

However, this is not the muin concemn with using hot wash water or hot
drying air. If the stencil begins to break apart, the problem ix obviour and
the stencil can be replaced at an added expensc. 'ic reul problem xiems
from the fuct that screens und stencils are constructed of different metals.
The frame is aluminium, the sczeen is either stainless steel or polyester, and
the metal foil (metal mask) is either stainlcss steel, brass or nickel. When
stencils are washed in hot waicr of dricd in hot air, the different metals will
expand and contraci at different ratcs and csuse minor distorion 1o theeiched
image, stresxs on the udhesive bond and loss of tensioning which, in tum,
can lead (o mysterious misprints, causing downtime due to troubleshooting
» probleins that could huve becn prevenicd if only hot water or hot air had
not been uscd.

ALTERNATIVE SOLVENTS

The stencil-cleaning equipment manufucturers soon realiscd the dilemma
and tried to remedy the situation by incorporating other chemistries that
were used for cleaming PCBs. i.c., ulcohol and terpenes. Alcohols and
ferpencs were both used at ambient temperaturcs, just like CFCs. The
problem wus thought to be resolved. Then along came ‘no-clean’ solder
paste and the realisation that IPA alcohol and terpencs are very selcctive
regarding the 1ype of ?.nm they can clean and they are both flammible und
potentiaily explosive.' Neither is very cffective at ¢leaning most *no-cleun’
1ype Muxes. To complicate things even more. fine-pitch and ultra fine-pitch

p were b ing a reality.

The SMT assembler has always been faced with the responsibility of firu
selecting a steneil-cleaning machine from one vendor, then sclecting a
chemistry 10 address the porticular Nux and then, hopefuily. finding a waste
treatment process o handle the mess that was created. Finally. when the
process did not work, the assembler was confronicd with (wo or three
diffcrent vendors pointing fingers ut one another. and nobody taking any
responsibility for correcuing the situation. The solution to the assembler’s
problcm seemed 1o lie in a complete process thul could be olfered by one
vendor: the right cleaning maching, the correct chemistry. and ihe proper
waste handling system all in one. Thea, at least if it did not perfonn 10

specification, the asscmbler would know whom to blume and thut vendor
would be responsible for correcting the process.

WHAT'S IMPORTANT TO THE USER

When selecting un SMT screen/stencil-cleaning process. it is critical 10
prioritisc the deciding factors that ure most important 10 the user:

— Can the process effectively clean fine and ulira fine-pitch apertures?

— What flux do J need to clean now and will it be necessary to cleun a
different flux in the future? Can the process support these potentisl
changes?

— Can the process clean dried paste as well as fresh pasic?

— Are there other objects to clean. such as mispnints, pallets, adhesives, etc.?

— What is the environmenial impact?

— What is the capital investment?

— What is the operating cost?

— Arc there any health or safety hazards to consider?

— Does the process have sny detrimental effects on the stencil?

— What is the maintenance and potential downtime?

— Are there any special handling or storage requircments for flammable
or hazurdous chemistrics?

— Who will take responsibility for correcting the process if u fails 1o
perform?

TYPES OF STENCIL CLEANERS

In general, there are only a few stencil-cleaning machines trom which to
choose, namely those using spray in utmosphere technology. spruy under
immersion or ultrasonic agitation.

The chemistries range from solvents (alcohol, lerpencs and hydrocarbons)
1o saponifiers that require hot water solutions, to specially formulated
detergents that clean in hot. cold and/or warm water solutions.

Wastc handling can be complicated. Depending on the cleaning process,
the waste handling process can range from hauling the waste away and
creating a long-term liability, ta the purchase of an expensive filtration/
clarification system that may or may not resolve the waste problem.

SELECT THE CHEMISTRY FIRST

When selecting a cleaning process, the chemistry should be selected first.
Most people make the mistake of sclecting a cleaning machine first when
the important element in the cleaning process is the clesning chemstry. If
the chemistry does not address the contaminant, the mechanical action of the
machine will do little 10 remove the solder pastc. A simple example would
be washing one's hands. Watcr and hard scrubbing will do Jitle to clcan the
hands until soap (chemistry) is used. Only after the proper chemisiry has
been identified is the method of application of that chemical selecied.
Isopropy! alcohol (IPA) and terpenes ure solvenis that have been used 10
replace CFCs. However, IPA und terpencs have numerous concems of their
own. They are both velatile organic compounds (VOCs) and therefore smog
producers. VOCs are beccoming as regulated in many parts of the world as
CFCa because of their air polluting qualities.' Areas such us Califomia have
Jimited the consumption of VOC solvents 1o one pound of solvent per day

.1



12-16-2083 12:B9PM

'FROM SMART SONIC CORP. 1+818+5187909

é Soldering & Surfoce Moum Technology  No. 24, October 1996

per cleaning site. Since it is common for IPA and terpene using muchines
to consume more than one pound of solvent simply in the idle state, they
arc not permitied in many areas.

In addition to contributing to air pollution, they can be very dangerous.
Spraying alcohol or terpencs within u closed chamber can resuli in a fire
and/or explosion in the prescace of an ignition spark. Several incidents have
already been reported. The nnive vendor providing an IPA system may fecl
it t0 be completely safe because the electronics have been isoluted from the
atomiscd solvent. However. an ignition spark can result from the moving
mcial spray no22les unexpectedly hitting a metal stencil that has become
dislodged from its sccuring fixture. Metal hitting against metal inside a
chamber containing IPA vapours = BOOM!

Caution should also be taken s to where un alcohol cleaner is placed. An
ignition spark can be very easily generuied by surrounding non-rclatcd
clectrical equipment. In most casos, the manufucturer has provided a fire
suppression system in case of such emergencles. Such o fire suppressor
system would be useful — if it, should survive tho cxplosion! 1PA and
terpenes are also very selective regarding what fluxes con be cleaned. It
down stream the user should decide 10 change flux types, or if VOCs should
become regulated in the area. the userinay be foced with exacily the same
dilemma of sceking 2 new stencil-cleaning system.

Another chemistry that has been tried is the aqueous saponificr: A saponifier
is an alkaline chemistry (usually 13 pH+) that combines with the rosin in the
solder paste to form a water soluble soap. This soap can then be cleaned in
water and the lead/tin solder balls can be removed by the mechanical action
of the cleaning machine. Unfortunatkly, saponifiers require clevated
temperatures in excess of 60°C in order 10 react with the rasin (temperaturcs
above 43°C will mast likely damage the stencil), The alkaline saponifier is
thus consumed during the cléaning pr an qui c
replenishment. The high pH and hot solution of e saponificr can also cause a
black oxidation to the aluminium frame of the siencil and cun be u hazard 10
the user. .

The waste stream of a saponificr is particularly complicated because of
the combination of hezardous ingredients ¢ ined within the saponifier,
and the lead from the solder paste that becomes dissolves in the wash
solution. The resulting multiplc hazardous waste will require expensive
anion exchange or reverse osmosis filtration and chemical ncutralisation
prior to disposal. The discharge w drain is undcsirable in many locations
and may require a permit.

Various hydrocarbon-based solvents have been tricd with little success.
Hydrocarbon solvents are very selective inthe flux types thai can be cleaned
and, because these solvents do not dry *film frec’, they require a waicr rinse.
The waste stream treatment can be very sophisticated, costly and provide a
long-term liability when hauled away. If the process requires water rinsing,
then one may as well wash with water and eliminatc the solvent, if possible.
This would at least limit the types of wasic steeams generated.

DETERGENTS WORK BEST

An aqueous process, wtilising a specially formulatcd detergent, secms to
bethe answer. Detergents can be chemically formulated to achieve a multitude
of clcaning objectives, Unlike saponifiers that require heat 10 induce a
chemical reaction, detergents can clean in cold water. Detergents are
surfactants (wetting ugents) dexigied 10 "cut through' s particular comaminant
(in this case flux) and allow the mechunicul aCtion of the cleuning Machine
to release the $oil. Delcrgents are alkaline by design. Alkalinity may range
from 8 10 near 14 pH. OSHA (Occupational Safety and Health Association)
requires the pH of a detergent 10 be less than 12.5 in order 10 be considered
non-hazardous. Detergents designed to remove soldcr paste are usvally
between 1 1and 12.5 pH and non-ionic. They may emulsify the soil and become
*loaded’, requising filtration. Aliernatively, deiergents may not interact with
the contaminant at all, in which case scparation of the waste solder pasto is
very convenient and accomplished by gravity. The solder paste simply falls
10 the bottom of the wash tank, where it remains until removed by recycling.

Becausc there is no chemical reaction, the chemistry consumption will
be much lower when deicrgents are used instead of saponificrs. The liquid
hazardous waste siream created by non-hazardous delergents and
hazardous leadftin solder puste can be casily eliminaicd by routine
evaporation equipment. The non-hazardous liquid is evaporated to
atmosphere as distilled water, and the hazardous lead is lefi behind as @
solid for recycling. The rcsulting dehydrated detergent has a high BTV
content and can be easily incinerated as a solid waste, On the other hand,
if the user has un in-house filtration system to hundle lead-luden liguid
waste generated from a baich o in-line PCB cleaner, the liquid waste from
the detergent based stencil cleaner most likely can be handled within the
same filtration equipment. In either casc, the waste streum is virtually
hassle-free!

“Pros

" Alcohol (IPA)

“Roadily availuble

Cleans ut room temperature

Non ozone depleting

Docs not oxidisc/comrode stencil

Minimal liquid waste disposal
(duc 10 cvaporation)

Dries fast

Can close-loop

Prus

) Terpeneg

Readily uvailable

Non ozone depleting
Docs not oxidise stencit
Can close-loop

Pros

) Saponifiers

i Readily availsble
Non-flammable

Non ozone depleting
Low VOC

Dilute with waler

Can use with ultrasonics

Can clean flux from tooling

Cons

VOC (volutile organic
compound)

Flummable (cun be explosive)

Coniribuies 10 air potlution

Need 10 haul huzurdous waste

Need 10 use full strength

Cleans linited types of solder
paste

Cannot be used with '
ultrasonics '

Cunnot clean most SMD
adhesives

Cannot clean flux build-up on
1ooling

Emits solvent vapours inlo
work vrea

.Becominy highly regulated by
AQMD (Air Quahity
Management District)

Requires explosion-proof
equipment

Requires special storage

Cons

vOoC

Flummuble/Explosive

Need 1o haul hazardous waste

Need to use full strength

Requires o water finse

Cleans limited types of solder
paste

Cannot be used with
ultrusonics

Cannot clean most adhesives

Cannot clean flux build-up on
ooling

Emits solvent vapours into
work space

Becoming highly regulated by
AQMD (Air Quality
Manugement District)

Requires cxplosion-proof
equipment

Requires special storage

Strong otlour

C(Hl_\

Requires elevated temperatures

Cleans limited types of solder
pasics

Contains huzardous ingredicnts

Caustic pH levels

Some contain VOCs

Complicatcd & expensive
waste trcatment

c d during cleaning
process

Does not clean most adhesives

Surong odour

Concentrate requires special
storage

Requires large quuntities of
finge water

Steam can contaminate SMT

assembly arca

Dries mor¢ slowly than VOC
solvents

High chemical consumption

e
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" Pros R Cons
Detergents

Readily available Dries more slowly than VOC
solvents

Non ozone depleting

No vOCs

Can clean at low temperatures

Cicans broad spectrum of solder
pasics

Can clean SMD adhesives

Can clcan flux from 00ling

Dilute with water

Rinses with small amounts of
water

Contains no hazardous ingredicnts

Can use with ultrusonics

No steam or water vapour
contamination

Liquid wasie can be cvuporaied
or filtered

Will not oxidise/corrode stencil

Normal storage

Low chemical consumption

Mild to pleasant odour

SELECTING THE MACHINE

Once the appropriate chemistry has been identified, the method of
applying or delivering thut chemistry to the ¢ inated stenci! can be
sclecied. There are basically three different types of machines from which
to choose: (1) spray in atmosphere, (2) spray undcr immersion and (3)
ultrasonic. The selection process shouid answer the following questions:
Can the agitation effectively deliver the chemistry (o all of the surfaces to
be cleaned — inside the apertures and etched-back areas of a fine-pitch
stencil? Will the agitation adverscly affect the intcgrity of the steneal?

When stencil upertures were S50 mil pitch and Jarger, the traditional solvent
vapour degreaser was cffective. The solvent vapours dissolved the RMA
flux, and the hand-held solvent spray wand could effectively spray through
the relatively large aperiure openings to remove the solder balls. However,
now that stenci] apertures are 20 mil pitch and smaller, it is extremcly
difficult 10 *spray’ through tiny holes (sec Figure 1). If the machinc cannot
deliver the chemistry 1o the surfuce 10 be cleancd, the chemistry will not be
ablc to contribute 10 the cleaning process, and the impingement action
required 1o remove the solder balls will be absent. The results will be « fine-
pitch stencil with fugitive solder balis contaminating a large percentage of
the apentures. udversely affecting the print quality of the next siencil print.
Altempting to clean s fine-pitch SMT stencil with spray technology is like
trying to clean a keyhole with a fire hose. You cannot effectively deliver the
clcaning solution through the contaminated apertures.

SPRAYS CAN DAMAGE A STENCIL

f 8 apray sysiem is used 1o clean finc und ultea finc-pitch apertures und
there is limited success, supplementary measures arc usually incorporated.
The pressure of the wash solution can be increased and/or a smail brisile
brush could be uscd ta abrade the residual material lefl in the apcrtures.
However. in either casc the opportunity for damaging the stencil increases
significanily. The land mass between the aperture openings in a stencil ¢an
be from 0.001 in.~0.006 in. in width and from 0.040 in.- 0.70 in. in length
for ultra fine-pitch, or 0.007 in.-0.010 in. in width and from 0.040 in.—~
0.090 in. in length for finc-pitch printing. When these dimensions arc
coupled with a stencil thickness of 0.00) in.— 0.003 in, for ultra fine-pitch
applications und 0.004 in.—0.006 in. for finc pilch applications, the care,
storage and damage factor to the stencil becomes a critical part of the
manufacturing process.

The fine-pitch (0.016 in.—0.020 in.) stencils can withstand the light
pressurcs of current stencil cleaners. However, any type of wash/rinse
pressurc increase will bend the 1and mass between the apertures. which will
render the stencil uscless because of the lack of coplanarity and the gasketing
featurc required during the printing process. The use of stencil cleaners in
the printing environments mentioned above using high pressure sprays could
introduce process downtime for sny or all of the following reasons:

= Undcrside stencyl cleaning duc to stencil ‘blecding’ caused by bent or
dumaged fand bridges:

— Possible premuure stencil weur coused by printer blade abrading
damagod hand bridges protruding ubove stencil surfuce:

— Actual aperture bind bridge breakage ruining the wility of the sieneil:

— Increased solder pasic bridging due 10 fack of intimute board contact
during the printing process;

— Possible increasc of insufficients caused by hurdened solder paste in the
wpenures which was not romoved from the previous wash, which then
cauges a change in the printing aspect ratio, yielding bad paste release
generating the insufficients.

As the indusiry migrates toward microminiuturisation, cspecially for
device manufucturing (i.¢. Nipchip, micro BGAs and other direci chip attach
componenis), the usage of thinner (D.001 in.— D.003 in.) stencils will
increasc. The care, cleaning and hondling of these siencils become even
morc critical as pant of the printing process one defines on the manufacturing
fNoor. Picture land bridges between apertures which will be 0.004 in.—0.003 in.
width, 0.040 in.— 0.070 in. length and only 0.001 in.— 0.003 in. thick. This
is nol science fiction. Stencils with these dimensions have been supplied
for the past two years. It will not takc much wash/rinse pressure to domage
these bridges, cousing the types of manufucturing process problems
previously mentioned. The only way to avoid these problems is to use an
ulirasonic bused stencil-cleaning system. The ulirasonics clean uniformly
and without exenting the trauma thut high pressure sprays can cause. The
microscopic cleuning action of ulrasonics is also more effcctive incleaning
the tight tolerance arcas of fine and ultea finc-pitch apertures.

Fig. 1 (a) A matrix of stencil aperiures ranging from 50 mil pitch down to
15 mil pitch. Fine-pitch aperturcs of less than 25 mul pitch are difficuls to
clean with sprays. Improper cleaning can result in insufficient solder paste
transfer and poor paste release. (b) Hlustration that high pressure sprays
Srom behind the stencil cannot effectively pencirate the fine-piich apertures,
resulting in a potential for residual solder ball contamination and misprints

ULTRASONICS CLEAN BETTER THAN SPRAYS

Ultrasonics clcan so well that the coloured emulsion used to cout the
screen portion of the stencil can be eliminuted. The primary purpose of the
emulsion is to fill in the tiny holes of the screen's mesh because, if solder
paste were 10 contaminaate the screen, it would be very difficult 1o clean
out if using & spray type stencil cleancr. An vltrasonic stencil cleuner can
clean the screen mesh just us wetl as the fine-pitch upertures. Many uencil
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manufacturers no longer apply the emulsion coating if it is known that the
customer will b using a good ultrasonic stencil cleaner. By eliminating the
necessity for screen emulsion coatings, the cost of providing an SMT stencil
may be reduced.

OTHER USES OF AN SMT STENCIL CLEANER

Obvious applications include cleaning misprinted subsirates, squecgee
blades and other tooling of virgin solder paste. If » company has decided to
utilise 3 *no-clean’ solder paste flux, all othet cleaning equipment from the
factory floor has probably already been ehiminated. In-line or batch PCB
cleanérs are no longer required because the low residue left behind on the
board does not require cleaning. However, tooling that repeatedly travels
through the reflow oven accumulates ftux residuc thut should be cleaned

periodically. A good aqucous detergent, designed 10 clean fresh and even .

dried solder pastc, should also be able to semove polymerised flux residue
from pallets and other tooling. Alcohol and terpenes do not perform well at
cleaning flux build-up from wave solder pallets and other tooling.

A SOLDER BALL NIGHTMARE

Atcmpting 10 usc 8 stencil cleanerasa *final clean” for ussembled PCBs
should be discouraged. When using a stencil cleaner that relics on high
pressure sprays to do the cieaning, one can experience what could amount
10 a *solder ball nightmare’! ‘

When cleaning SMT screens and stencils, the contaminant is millions of
solder balls within the paste flux, Whea final cleaning post soldercd PCBs,
the contaminant is primarily flux tesidue with just few fugitive solder
balls. A traditional spray stylc stencil cleaner relics on a scrics of fillers 1o
strain out the contaminants as the cleaning solution is recirculated for reuse.
Even if the filiration system is 99.9% efficient, assembled boards could
potentially bc bombarded with hundreds or thousands of solder balls left in
the system after cleaning virgin solder paste from a screen or stencil. For
similar reasons, a stencil cleancrusing sprays should noi be used for cleaning
risprinted solder paste from double-sided bourds. The sprays will broadcast
the solder balls throughout the wash chamber, allowing them to become
lodged under and around the components located on the reflowed side —
another solder ball nightmase!

Cleaning populated boards in an ultrasonic stencil cleaner poses 2
completcly diffcrent concem. While there has been some concem over the
years about cleaning populated boards with ultrasonics, this is not the case
with today's ultrasonic synems.” Even the Unitcd States military hus
acknowledged the benefits of cleaning high density SMT assemblies with
ultasonics over spray technology.* The concem over cleaning populated

blies in an ultrasonic stencil ¢l stems from the fact thatultrasonics
are so cfficient in driving the cleaning solution under and around
components; it AOW requires an ultrasonic rinse in order (o remove the wash
solution. Ultrasonic stencil cleaners are designed to rinse the smooth
geomerry of a stencil and therefore only incorporate spray nnses.

Ultrasonic ringes would add t0o much cost to the manufacture of the
machine and render it non-competitive in the marketplace. Some users of

1 ic stencil ¢} s do ionally clean assemblcd boards in their
stencil cleaner and use a separate vitrasonic tank fillcd with DI wateras a
fina] ulrasonic rinse. If the detergent is a non-ionic surfactant, finsing
becomes less of an issuc and siandard spray rinsing may be adcquate. The
concem about solder ball contamination with sn ultrasonic stencil cleaner

does nol arisc as the solder balls fall safely away from the boatd to the botiom
of the 1ank by gravity where they remain because the wush solution of an
ultrasonic system docs not normally require recirculation,

SUMMARY

It has been ostimated that $1-72% of all solder defects are & results of the
screen-printing operation.” Thus, having a clean and accurate stencil is u
major concemn. An SMT stencil that has indinwincd good structural integrity
and bius 2610 contamination within the apertures will producc u betier and
morc consistent print, resulting in a reduced, incidence of misprints and
downtime.

Alcohol aind terpene solutions are not recommended for cleaning SMT
screens and stencils because of the high risk of fire und/or cxplosion. their
selective clcaning characieristics and YOC concens.

Saponifiers ar¢ not rec ded as they requirc clevated temperatures
10 activate and will damage the heut-sensitive stencil, and the resuliing wastc
stream is particularly cumbersome.

Ultrasonics, coupled with un aqueous detergent solution that cleans at
low temperaturcs (below 43°C), would be considered as the ideal process
combination for cleaning fine=pitch SMT screens and stencils, Detergents
ure welting ugents that can be formulaied 1o atiack specific contaminants,
given specific cleaning parametess such a8 low temperaturc and type of
cleuning agitation.

Ultrasonics provide the best possible cleaning agitation 1o deliver the
¢leaning solution into and *scrub’ the {inc and ultra-fine apenures and cause
the lcust possible trauma to the eiched image.

The resulting liquid waste can be casily filiered in an existing filtration
system designed to handle lcad contaminated waici, or safely climinatcd by
standard evaporation equipment. The non-hazardous liquid component
safely gocs to atmosphere as distilied water vapour, and the hazardous icud
solid is lefi behind 1o be recycled us 2 dross, or mclicd down in s wave solder
pot. The dehydrated detergent hasa high BTU value and can be conveniently
incinerated as u solid waste. Al 0queous delergent pocess, when coupled
with the cleaning action of ultrasonics, can clean fasier und more effectively
than solvents, with litilc or no environmentasl impact!
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