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The Principles of In May 1995 the IPC’s Technical Activities Executive Committee (TAEC) adopted Principles of

Standardization Standardization as a guiding principle of IPC’s standardization efforts.
Standards Should: Standards Should Not:
» Show relationship to Design for Manufacturability * Inhibit innovation
(DFM) and Design for the Environment (DFE) * Increase time-to-market
¢ Minimize time to market * Keep people out
 Contain simple (simplified) language * Increase cycle time
* Just include spec information * Tell you how to make something
* Focus on end product performance + Contain anything that cannot be
¢ Include a feedback system on use and defended with data

problems for future improvement

Notice IPC Standards and Publications are designed to serve the public interest through eliminating
misunderstandings between manufacturers and purchasers, facilitating interchangeability and
improvement of products, and assisting the purchaser in selecting and obtaining with minimum delay
the proper product for his particular need. Existence of such Standards and Publications shall not
in any respect preclude any member or nonmember of IPC from manufacturing or selling products
not conforming to such Standards and Publication, nor shall the existence of such Standards and
Publications preclude their voluntary use by those other than IPC members, whether the standard is to
be used either domestically or internationally.

Recommended Standards and Publications are adopted by IPC without regard to whether their
adoption may involve patents on articles, materials, or processes. By such action, IPC does not
assume any liability to any patent owner, nor do they assume any obligation whatever to parties
adopting the Recommended Standard or Publication. Users are also wholly responsible for protecting
themselves against all claims of liabilities for patent infringement.

It is the position of IPC’s Technical Activities Executive Committee that the use and implementation
of IPC publications is voluntary and is part of a relationship entered into by customer and supplier.
When an IPC publication is updated and a new revision is published, it is the opinion of the TAEC
that the use of the new revision as part of an existing relationship is not automatic unless required by
the contract. The TAEC recommends the use of the latest revision. Adopted October 6, 1998
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Stencil and Misprinted Board Cleaning Handbook

1.0 SCOPE

1.1 Statement of Scope This handbook addresses understencil cleanliness during stencil printing, removal of solder paste from
stencils following the cleaning process and misprint PCB board cleaning considerations.

1.2 Purpose The goal in stencil printing is to place an exact amount of material in a precise location on the PCB. The print
medium might be solder paste, adhesive/glue, flux, or thick film materials. The squeegee speed or pressure can affect the quality
of the material deposition, the stencil is the primary control mechanism for material deposition. The purpose of this handbook
is to provide the assembler best practice guidelines for understencil cleanliness during the stencil printing process, and stencil
cleaning once the stencil is removed from the stencil printer. The document also addresses best practices for cleaning a PCB that
was misprinted.

1.2.1 Problem Statement: The stencil and PCB must be well aligned and in very tight contact (gasketing) to achieve an acceptable
print. The problem is that poor contact between the stencil and the board can cause poor quality prints resulting in soldering defects.
A common root cause of gasketing issues is solder paste on the stencil’s contact side. The cleanliness of the stencil is critical to
the success of the stencil printing process. Insufficient solder is the primary cause of defects originating from the stencil printing
process; therefore, stencil cleanliness is an essential process step for delivering the proper amount of solder paste to the PCB pads.

2.0 APPLICABLE DOCUMENTS

The following documents are provided as possible sources of additional information.

2.1 Reference Documents

IPC-7525 Stencil Design Guidelines

IPC-A-610 Acceptability of Electronic Assemblies

IPC-7093 Bottom Terminated Components

IPC-CH-65 Guidelines for Cleaning of Printed Boards and Assemblies
IPC-SC-60 Post Solder Solvent Cleaning Handbook

IPC-SA-61 Post Solder Semi-Aqueous Cleaning Handbook

IPC-AC-62 Post Solder Aqueous Cleaning Handbook

IPC-CA-82 General Requirements for Thermally Conductive Adhesives
IPC-3406 Guidelines for Electrically Conductive Surface

IPC-3408 General Requirements for Anisotropically Conductive Adhesive Films

2.2 Joint Industry Standards
J-STD-001 Requirements for Soldered Electrical and Electronic Assemblies
J-STD-005 Requirements for Soldering Pastes

2.3 Surface Mount Technology Association (SMTA)

Stencil Printing Fundamentals Stencil Printing 101

2.4 American Standards for Testing Materials

ASTM Standards & Publications can be found at https://www.astm.org/Standard/standards-and-publications.html

2.5 Federal Laws and Standards

CAA Clean Air Act

CWA Clean Water Act

CERCLA Comprehensive Environmental Response, Compensation and Liability Act

RCRA Resource Conservation and Recovery Act

SARA Superfund Amendment and Reauthorization Act DO cuments
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2.6 Department of Defense
MIL-C-85447 Cleaning Compounds, Electrical & Electronic Components

2.7 Occupational Safety and Health Administration

OSHA 29CFR 1910.106 Flammable and Combustible Liquids
OSHA 29 CFR 1910.134 Respiratory Protection

OSHA 29 CFR 1910.1000 Air Contaminants

2.8 Environmental Protection Agency (EPA)

EPA 40 CFR 63 National Emission Standards for Hazardous Air Pollutants for Source Categories

EPA 40 CFR 82 Protection of Stratospheric Ozone

EPA-453/R-94-081 Guidance Document for the Halogenated Solvent Cleaner NESHAP

EPA 40 CFR 117 Determination of Reportable Quantities for Hazardous Substances

EPA 40 CFR 136.36 Toxic Criteria for those States Not Complying with Clean Water Act Section 303(c)(2)(B)
EPA 40 CFR 261 Identification and Listing of Hazardous Waste

EPA 40 CFR 302.4 Designation of Hazardous Substances

EPA 40 CFR 355.30 (b) Emergency Release Notification

EPA 40 CFR 370 Hazardous Chemical Reporting: Community Right to Know

2.9 Department of Transportation
DOT 33 CFR 153.203 Procedure for the Notice of Discharge

2.10 National Fire Protection Association (NFPA)
NFPA 35 Definitions of Flammable & Combustible Substances

2.11 Air Quality Management Standards (AQMD)
AQMD Rules & Compliance can be found at http://www.aqmd.gov/home/air-quality

3.0 STENCIL CLEANING PROCESS

3.1 Process Overview Stencil printing is a well-known and proven process technology for surface mounted and through hole
components. Solder paste deposition on fine pitch and area array packages offer an attractive, cost-saving, and high-volume
production process. The cleanliness of the stencil is critical to the success of the stencil printing process. Insufficient solder is the
primary cause of defects originating from the stencil printing process; therefore, stencil cleanliness is an essential process step for
delivering the proper amount of solder paste to the PCB pads. Stencil cleaning must remove all solder particles and flux vehicle
from stencil apertures without damaging the stencil, bonding adhesive or mounting mesh.

The degree of cleanliness required varies with complexity of the board design. Stencils are usually cleaned to a visually clean
condition. Cleaning misprinted circuit boards requires the removal of un-reflowed solder paste and ionic contaminants. An
inadequately cleaned misprint can leave undesired residues on the processed assembly, potentially impacting quality and reliability.
For additional information on assembly cleaning processes, please refer to [IPC-CH-65.

When cleaning the stencil after removal from the printer, the most effective cleaning processes integrate mechanical and chemical
cleaning forces. Cleaning chemistry suppliers work closely with cleaning equipment manufacturers to provide an integrated
process. Stencil cleaning faces the challenge of removing solder paste and Surface Mount Technology (SMT) adhesive from tiny
apertures while not damaging the stencil. To achieve reproducibility in cleaning, the process requires a mild chemistry integrated
with stencil cleaning equipment that removes solder paste and SMT residues from fine apertures without damaging the stencil.

In summary, the stencil cleaning objectives are the removal of contaminants in the form of non-reflowed solder paste and uncured
adhesives. Process engineers are seeking robust processes that provide practical, cost effective, safe, and environmentally friendly
methods.
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3.2 Stencils IPC-7525 Stencil Design Guidelines document the
design and fabrication of stencils for printing solder paste and
surface-mount adhesive. The fabrication of stencils combines
various metal alloys (stainless steel, copper, aluminum, nickel) as
well as plastics in their material of construction. Frames are typically
aluminum with the mesh border permanently mounted using an
adhesive. The stencil foil may be mounted to a frame either directly
or via a mesh material of polyester fiber or stainless steel. Frames
may be tubular or cast aluminum.

The basic stencil components include the aluminum frame, optional
mesh and associated bonding adhesives and aperture pattern, see
Figure 3-1. The standard foil tension is measurable to 35-40N/cm?.
The class of high-tension foils may exceed 50N/cm?. Final tension
depends on mesh and frame strength.

3.2.1 Chemical Etching Process Chemical etching stencil apertures
(Figure 3-2 and Figure 3-3) is considered an obsolete process;
however, it is still used to create step downs for fine pitch devices. | 1

The majority of stencils today are laser cut; some are electroformed. \
Step downs can also be created by laser welding or mechanical
milling processes.

Figure 3-1: Typical Stencil Frame

Chemical etch aperture walls are typically smooth, see Figure 3-3.

3.2.2 Laser Cut Process Laser apertures are tapered or straight, with 3
textured walls (see Figure 3-4 and Figure 3-5). Laser-cut stencils 2

that is electropolished definitely has smoother inside apertures walls
than a non-electropolished laser-cut stencil. Therefore, the former . .
will release a higher percentage of paste than the latter at a given :g:: ; gtci:rg" Squeegee Side

area ratio. Note 3. Pad

Figure 3-2: Chemical Etch Stencil

3.2.3 Nickel Additive Nickel additive apertures are tapered and
very smooth, Figure 3-6 and Figure 3-7. Section 3.2.4 will cover
additional electroformed technology.

3.2.4 Electroform, or E-form E-form technology stencils are very
effective for printing paste on SMT boards with fine pitch parts
spread over large area and provide excellent print performance
for applications with miniature BGAs, ultrafine pitch QFPs, and
small components such as 0201s. Its smooth, trapezoidal sidewalls
maximize solder paste release and its ideal for Pb-free paste
formulations (see Figure 3-8).

3.2.5 Stencil Material Compatibility Regarding the stencil itself,
material compatibility is the critical factor when selecting a stencil
cleaning agent. Alkaline cleaning agents are more prone to react
with the aluminum frame and with the nanocoatings (a hydrophobic
polymer designed to smooth the aperture wall and promote solder ~Figure 3-3: Chemical Aperture Walls
paste release). Chemical attack can roughen the aluminum surface

and potentially turn the frame black, remove powder coated paint 1

from frames, attack the flux repellent nanocoating to reduce its \
effectiveness or soften the epoxy adhesive on mesh-mounted
stencils. Ideally, best practice is to clean at room temperature;
however, elevated cleaning temperatures, in excess of 43°C (110°F),
could result in the interaction of the cleaning chemistry with the

adhesive bond to the frame, causing the stencil to loosen or break 5 3

from the frame. Compatibility concerns must be considered when

selecting a cleaning chemistry. Figure 3-4: Laser Aperture
Note 1. Stencil Squeegee Side
Note 2. Board Documents
Note 3. Pad
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3.3 Tools Squeegee, spatula and board support tooling are some of the many items that require cleaning. Similar to compatibility
issues discussed for stencils, the cleaning chemistry must be compatible with tools being cleaned.

3.4 Pallets Best practice is to separate stencil cleaning from the pallet cleaning process. Some assemblers use their stencil cleaning
process for removing flux residue build up on pallets. Pallets passed over the wave see many process cycles before cleaning. This
requirement calls for a cleaning chemistry that exhibits enhanced effectiveness for removing baked-on flux residues. Cleaning
chemistries that remove baked-on flux residues may not be compatible with cleaning stencils.

3.5 Misprint Circuit Board Cleaning Section 3.12 illustrates common problems that lead to a misprint circuit board. To address
these problems, the misprinted solder paste or SMT adhesive must be totally removed from the board surface.

3.6 Misprinted Solder Paste Single-sided surface mount assemblies that are misprinted and rejected by visual or automated
inspection require cleaning of non-reflowed solder paste or SMT adhesive. Hand wiping the misprints from the board surface
with or without solvents will push the solder paste into vias. The solder paste in vias is difficult to clean and increases the risk of
stray solder balls. This may lead to shorts and electrical paths. Also, if solder paste is not completely removed from the board, the
thin layers left behind dry hard and becomes more challenging to clean later.

3.7 Single-sided Misprint Boards Solder ball and particulate
removal is often more difficult than dissolving uncured flux : :
residue. The most reliable removal method for removing solder o Lo
balls is a process that integrates mechanical and chemical driving
forces. Solder balls are held in place by the flux composition.
Developing an integrated cleaning process releases the solder balls
and allows removal during the wash and rinse cycles.

Solder balls are collected in the cleaning chamber over time. Most
cleaning machines use filtration methods to prevent solder balls
from being picked up by the pump and resprayed onto the board.
Consult the equipment-operating manual for proper maintenance
procedures to remove uncured paste from the wash holding tank
and filters.

3.8 Double-sided Misprint Boards Mixed technology surface mount p3400 20 Ok :
and thru-hole assemblies place the SMT components on the B-side Figure 3-5: Laser Aperture
of the board first; then print and reflow the A-side of the circuit
assembly. On boards with Thru-Hole components, Selective
Soldering is normally used. From the cleaning perspective, this

scenario is commonly overlooked with double-sided reflowed
SMT assemblies, where the B-Side is reflowed and the A-Side
is misprinted. In such a situation, the cleaning process must be 1 3

capable of removing both reflowed flux residues and unreflowed
solder paste. This issue changes the scope of the cleaning process Figure 3-6: Nickel Additive
and cleaning chemistry selection. In manufacturing operations Note 1. Gasket

which have this requirement, the process engineer must consider Note 2. Board

advanced process conditions. Note 3. Pad

Figure 3-7: Nickel Additive Figure 3-8: Electroform Aperture .
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3.9 Misprinted SMT Adhesives Cleaning uncured SMT adhesive from stencils and boards can be accomplished in an automated
cleaning process. There are many aqueous and solvent-based cleaners designed to dissolve SMT adhesives. When removal of SMT
adhesives is required, selection of a cleaning chemistry will be necessary to meet this challenge. For advice on a cleaning agent that
will meet this requirement, it is recommended to consult with the cleaning agent or adhesive supplier.

3.10 Misprint Process Considerations Misprint board cleaning requires additional process consideration to assure a reliable circuit
assembly following the assembly process. The following list comprises factors that needs to be considered when setting up a
process for cleaning misprint boards (see Table 3-1).

* When using a spray-in-air cleaning system, both sides of the misprinted board need to be cleaned simultaneously.

» Spray-in-air systems should be equipped with a filter in the recirculation wash to remove dislodged particles from the
cleaning fluid.

* A clean water rinse prevents wash contamination from re-depositing on the surface of the board.
* Rinse pressure and duration are important process considerations when removing the cleaning chemistry from under components.
* The drying cycle is longer for a populated assembly and may need to be lengthened for misprints versus stencils.

* Holding the assembly properly is important when cleaning a misprint board with high impingement air spray. An adjustable
spring-loaded board holder secures the board in place and maintains the correct impingement angle for particle removal.

* In case of bench-top machines using ultrasonic technology, the misprinted boards should be oriented with unreflowed solder
paste side facing down which will allow the solder paste residues to be removed and fall off easily by gravity.

A separate ultrasonic DI water rinse may be necessary when processing boards.

* Studies by the EMPF Laboratory and GEC Marconi suggest an ultrasonic frequency of 40 kHz or higher and should alternate or
“sweep” + 1 - 3 kHz.

» Sweep technology eliminates hot spots or focused ultrasonic energy in the wash bath.
» The lower the ultrasonic frequency, the more aggressive the scrubbing action (cavitation).

» The power density is the amount of electrical energy delivered to the bath via the ultrasonic generators. This energy is measured
in watts per liter of wash solution. For example, if the wash bath contained 100 liters and the generator is rated at 1000 watts, the
power density would be 10 watts/liter. The power density varies with the cleaning agent type. The typical power density varies
between 10-25 Watts/Liter.

Table 3-1 Lists Process Recommendations when Cleaning Different Types of Contaminants from Misprinted Boards

Process Step
That Caused The

. Nature Of Contaminants Cleaning Process Steps
Contaminants
Glue Dispense »  Misprinted, Uncured Glue — Unpopulated or + Do not Scrape the glue - Remove all components
Populated boards from the uncured adhesive if populated

» Make sure no glue residues are present on pads
or in the via holes

+ Send the board through the Aqueous / Semi-
Aqueous Wash System

Glue Curing » Populated with components and Cured » The board is not salvageable. Scrap the board.
Paste Printing +  Wet or dry misprinted Solder Paste — No » Do not scrape wet solder paste or placed
components placed components from the boards. It parts have been

»  Wet or dry misprinted Solder Paste — placed, pick off carefully.

Components Placed » Do not manually clean
+ Wet or dry Solder Paste + Uncured Glue with +  Wash the board in the Automatic Aqueous/Semi-
populated or unpopulated boards Aqueous Wash System

» Clean and Inspect per IPC J-STD-001C
Class 3 Specifications
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3.11 Why Clean SMT Stencils? It is important to thoroughly clean SMT stencils, tools and equipment to maintain top condition of
the stencil, ensure repeatability, and reduce misprints. Cleaning will help keep the stencil in top condition which reduces stencil
replacement costs. In addition, cleaning the stencil will:

a. Reduce flux build-up on the back side of the stencil. As the number of stencil prints increase before cleaning the stencil, flux
within the solder paste will start squeeze out and wet away from the apertures on the back-side of the stencil. For assemblers
building to a No-Clean standard, flux on the back-side will start to bridge pads. This increases flux residue pin-to-pin and
could cause a reliability issue when the finished product is exposed to harsh environments. To prevent this from happening,
cleaning needs to take place over a smaller number of prints.

b. Improve solder Paste Transfer Efficiency
c. Reduce SMT defects such as:
1) Shorts
2) Solder paste transfer efficiency opens
3) Head-on/-pillow (Non-wet open)
4) Tombstoning
5) Poor solder joints
6) Solder balls
7) Graping (non-coalescence)
8) Powder satellites
d. Stencil cleaning warnings
1) Do not use brushes to clean stencils (Figure 3-9a) because it is not-repeatable and can damage fine feature apertures
(Figure 3-9b). It is better to clean the stencils using a proper stencil cleaning machine (process).
2) Do not place fiducials outside the print area as wiper can push paste into them, leading to poor fiducial recognition.

3) Don’t let flux build up on stencil because it can cause boards to stick to stencil or machine errors.

4) Don’t manually clean the stencil inside the machine because sensitive mechanical systems like the vision gantry can get
damaged.

Siranes TERILLAANNNNE  SERsssssses et SN
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Figure 3-9a Figure 3-9b

Figure 3-9a and 3-9b Cleaning a Stencil Using a Brush (a) and Damaging of Small Features After Brushing (b)

3.12 Common Production Problems Printing or dispensing of solder paste is a crucial step in production of SMT Printed Wiring
Assemblies (PWAs). This operation is the source of a large fraction of the in-process defects that occur in the manufacturing cycle.
The stencils used must be clean and free of solder paste residue to avoid misprinting/misapplying solder paste deposits to the circuit
boards. Additionally, the wetness and thixotropic property of the paste being applied, the flatness of the Printed Wiring Assembly
(PWA), the positioning of the stencil with respect to the PWA pads, the squeegee pressure, stencil aperture opening in relation to
the PWA pad dimensions, type of stencil technology, and other factors can all result in solder paste being left in or on the stencil.

For the reasons stated above, the bottom of the stencil requires inspection, monitoring and wiping throughout the process. Printers
provide various methods to wipe the stencil bottom. The understencil wiping following the printing process itj)gycas ﬁoodeas
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the materials that go into it. If a bad print occurs, nothing downstream will correct these errors. For printers that do not provide
understencil wiping, manual methods must be employed.

Failure to implement a process that removes residue from stencil apertures contributes to board processing problems. Factors
outside the cleaning process may also contribute to process issues. Figures 3-10 through Figures 3-23 identify issues that contribute
to stencil printing problems.

3.12.1 Cleaning Stencil Underside Failure to underwipe or clean the bottom side of the stencil contributes to inconsistencies in
solder paste deposition, see Figure 3-10.

Figure 3-10: Cleaning Stencil Underside

Note 1. Stencil Note 3. Solder Mask Note 5. Copper Pad
Note 2. Solder Level Note 4. FR 4 Composite Material Note 6. Solder Paste

3.12.2 Uncleaned Stencil Apertures Solder balls attached to the walls of the stencil aperture over time. Failure to clean the stencil
after solder paste printing could potentially cause open solder joints, bridging, and solder ball formation on the subsequent PWAs,
see Figure 3-11a and Figure 3-11b.

Figure 3-11a: Uncleaned Stencil Aperture Figure 3-11b: Uncleaned Stencil Aperture
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