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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 e 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
* Include a feedback system on use and be defended with data

problems for future improvement

Notice IPC Standards and Publications are designed to serve the public interest through eliminating mis-
understandings between manufacturers and purchasers, facilitating interchangeability and improve-
ment 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 adop-
tion 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 them-
selves against all claims of liabilities for patent infringement.

IPC Position It is the position of IPC’s Technical Activities Executive Committee that the use and implementation
Statement on of IPC publications is voluntary and is part of a relationship entered into by customer and supplier.
Specification When an IPC publication is updated and a new revision is published, it is the opinion of the TAEC

Revision Change  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

Why is there Your purchase of this document contributes to the ongoing development of new and updated industry
a charge for standards and publications. Standards allow manufacturers, customers, and suppliers to understand
this document? one another better. Standards allow manufacturers greater efficiencies when they can set up their

processes to meet industry standards, allowing them to offer their customers lower costs.

IPC spends hundreds of thousands of dollars annually to support IPC’s volunteers in the standards
and publications development process. There are many rounds of drafts sent out for review and
the committees spend hundreds of hours in review and development. IPC’s staff attends and par-
ticipates in committee activities, typesets and circulates document drafts, and follows all necessary
procedures to qualify for ANSI approval.

IPC’s membership dues have been kept low to allow as many companies as possible to participate.
Therefore, the standards and publications revenue is necessary to complement dues revenue. The
price schedule offers a 50% discount to IPC members. If your company buys IPC standards and
publications, why not take advantage of this and the many other benefits of [IPC membership as
well? For more information on membership in IPC, please visit www.ipc.org or call 847/597-2872.

Thank you for your continued support.
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1 INTRODUCTION

1.1 Scope This Handbook addresses the removal of sol-
der paste and uncured/unreacted SMT adhesives from sten-
cils, misprinted printed circuit boards (PCBs) and applica-
tion tools connected to the soldering paste application
processes.

1.2 Purpose The purpose of this handbook is to provide
a basic understanding of stencil/misprint cleaning pro-
cesses. The handbook serves as a guide to users or prospec-
tive users of stencil/misprint cleaning technology.

1.3 Overview Cleaning of stencils and misprinted PCBs
has taken an increasingly important role in surface mount
technology. Fine and ultra-fine pitch lands, together with
other advanced packages, place new demands on stencil
cleaning. Paste volume is a critical issue for fine, ultra-fine,
chip-scale, BGA and flip-chip components. Insufficient sol-
der due to clogging of stencil apertures is a primary cause
of defects. This results in poor paste printing and therefore;
clean stencils are important in delivering the proper amount
of paste. Process engineers estimate that approximately
70% of surface mount technology defects are due to solder
paste printing problems.

Cleaning agents must be effective, safe for workers, and
safe for the environment. Isopropyl alcohol (IPA), com-
monly used for cleaning, poses both environmental (VOC)
and safety (i.e., fire hazard) concerns. Today, a much wider
array of cleaning agents exists for stencil cleaning.

The residue encountered on stencils is generally nonre-
flowed solder paste. After hours of use, the solder paste
may partially dry. This increases the difficulty of cleaning.
In addition, there is also a need to remove uncured SMT
adhesives used for bottom side mounting of surface mount
devices. These issues afford the same cleaning problems
for misprinted PCBs.

Section 2 provides a partial listing of documents and refer-
ences that may need to be considered in the stencil clean-
ing process.

Appendix A provides definitions for terms used in this
handbook.

. 1.4 Problem Statement Proper stencil cleaning should
ﬁ{ remove all solder particles and flux vehicle (organics) from
stencil apertures without damaging the stencil, bonding

adhesives, and elastomer frame. Solder paste residue on a
stencil can result in transferring paste from the bottom of
the stencil onto the next board printed. The residue can also
interfere with good ‘““gasketing” of the stencil to the board
being printed. Any of these conditions can cause misprints,
solder paste where it should not be, or missing solder paste
from where it should be, resulting in shorts, solderballs, or
lack of sufficient solder paste when the PCA is reflowed.

1.5 Common Production Problems Printing or dispens-
ing of solder paste is a crucial step in production of SMT
PCAs. The stencils used must be clean and free of solder
paste residue to avoid misprinting/misapplying solder paste
deposits to PCAs. Additionally, the wetness and thixotropic
property of the paste being applied, flatness of the PCA,
the positioning of the stencil with respect to the PCA lands,
the squeegee pressure, stencil aperture opening in relation
to the PCA land dimensions, type of stencil technology, etc.
can all result in solder paste being left 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 sten-
cil bottom. 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 1-1 through 1-10 identify issues
that contribute to stencil printing problems.

Cleaning Stencil Bottom

IPC-7526-1-1

Figure 1-1 Cleaning Stencil Bottom

(Figure 1-1) Failure to underwipe or clean the bottom side
of the stencil contributes to inconsistencies in solder paste
deposition.
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Figure 1-2 Solder Paste Buildup on Walls of Stencil Figure 1-4 Open or Insufficient Solder Joints

Apertures
pertu (Figure 1-4) When solder paste and/or the flux vehicle is

not completely removed from stencil apertures in the clean-
ing operation the dried residue partially or completely
blocks the correct volume of solder paste, resulting in
insufficient or open solder connections.

Figure 1-3 Solder Paste Buildup on Walls of Stencil
Apertures

(Figures 1-2, 3) Solder balls attach to the walls of the
stencil aperture over time. Failure to clean this buildup
from the stencil affects the amount of deposited solder P

paste and could potentially cause open solder joints, bridg- Figure 1-5 Solder Balls Following Solder Reflow
ing, and solder ball formation on the subsequent PCA.

(Figure 1-5) Water or solvent remaining on circuit boards
or stencils following cleaning may be mixed with the sol-
der paste resulting in satellite solder ball formation in the
solder reflow process. Improper cleaning of solder paste
from miprinted boards can leave large quantities of solder
balls from the solder paste on and around the lands and in

the vias.
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Figure 1-6 Bridging or Poorly Defined Solder Paste
Printing

(Figure 1-6) Damage to the stencil patterns during
removal of excessive solder paste or in a cleaning process
will result in poorly defined joints or bridged parts.
Improper rinsing of stencils can leave surface contaminants
or residual cleaning fluid on the surface of the stencil.
These contaminants promote flux bridging under the sten-
éil during the printing process. The release of the board
from the stencil creates a vacuum as the stencil separates
from the board, sucking the solder paste beneath the sten-

cil, leaving poorly defined prints or bridges.

Solder Mask Thickness

IPC-7526-1-8

Board Coplanarity

Solder Board
Level Ledgend

FR4 Composite Solder Copper
Material Mask Pad

IPC-7526-1-7

Figure 1-7 Failure to Place the Stencil on a Level Plane

(Figure 1-7) The stencil must sit on a level plane that is flat
with well-identified points and lines. The stencil should
contact the board at the solder mask height. Variations in
hot air solder leveling (HSAL) or excessive legend ink
thickness can lead to poor gasketing, which will allow sol-
der paste to flow beyond the aperture opening on the bot-

tom of the stencil resulting in poor print definition.

Figure 1-8 Variations in Solder Mask Thickness

(Figure 1-8) Variations in solder mask thickness contribute
to inconsistencies in solder paste deposition. This condition
is similar to the board coplanarity problem and will lead to
poor definition and increase the need for stencil wiping.

Solder Mask Thickness

IPC-7526-1-9

Figure 1-9 Inconsistent Component Land Width

(Figure 1-9) Component land width must be consistent.
Variations contribute to inconsistencies in solder paste
deposition. If the land is smaller than the aperture, paste
will flow beyond the land and if soldermask is not present,
the possibility of bridging between the lands will increase.

Alignment Accuracy

0.016" pitch 0.050" pitch

IPC-7526-1-9

Figure 1-10 Misaligned Stencil

(Figure 1-10) Poor alignment contributes to inconsisten-
cies in solder paste deposition and increases contamination
of the stencil bottom. This leads to poor definition on sub-
sequent prints and increased frequency of the stencil bot-
tom cleaning to maintain acceptable print quality.
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The following documents are provided as possible sources
of additional information.

2.1 IPC!

IPC-SC-60 Post Solder Solvent Cleaning Handbook
IPC-SA-61 Post Solder Semiaqueous Cleaning Handbook
IPC-AC-62 Post Solder Aqueous Cleaning Handbook

IPC-CH-65 Guidelines for Cleaning of Printed Boards and
Assemblies

IPC-CA-82 General Requirements for Thermally Conduc-
tive Adhesives

IPC-A-610 Acceptability of Electronic Assemblies

IPC-3406 Guidelines for Electrically Conductive Surface
Mount Adhesives

IPC-3408 General Requirements for Anisotropically Con-
ductive Adhesive Films

IPC-7525 Stencil Design Guidelines
2.2 Joint Industry Standards2

J-STD-001 Requirements for Soldered Electrical and Elec-
tronic Assemblies

J-STD-005 Requirements for Soldering Pastes
2.3 American Standards for Testing Materials3
2.4 I%ederal Laws and Standards*

CAA Clean Air Act

CWA Clean Water Act

CERCLA Comprehensive Environmental Response, Com-
pensation and Liability Act

RCRA Resource Conservation and Recovery Act
SARA Superfund Amendment and Reauthorization Act
2.5 Department of Defense®

MIL-C-85447 Cleaning Compounds, Electrical & Elec-
tronic Components

www.ipc.org

www.ipc.org

www.astm.org

ecfr.gpoaccess.gov
www.answers.com/topic/united-states-department-of-defense
www.osha.gov/

www.osha.gov/

www.dot.gov/

2.6 Occupational Safety and Health Administration®

OSHA 29 CFR 1910.106 Flammable and Combustible Lig-
uids

OSHA 29 CFR 1910.134 Respiratory Protection

OSHA 29 CFR 1910.1000 Air Contaminants

2.7 Environmental Protection Agency (EPA)7

EPA 40 CRF 63 National Emission Standards for Hazard-
ous Air Pollutants for Source Categories

EPA 40 CFR 82 Protection of Stratospheric Ozone

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

EPA 40 CFR 117. Determination of Reportable Quantities
for Hazardous Substances

EPA 40 CFR 131.36 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: Com-
munity Right To Know

EPA 40 CFR 372 Toxic Chemical Release Reporting:
Community Right-to-Know

2.8 Department of Transportations

DOT 33 CFR 153.203 Procedure for the Notice of Dis-
charge

2.9 National Fire Protection Association (NFPA)°

NFPA 35 Definitions of Flammable & Combustible Sub-
stances

2.9.1 Air Quality Management Standards (AQMD)
3 STENCIL CLEANING PROCESS

3.1 Objectives for the Cleaning Process Stencil cleanli-
ness is an essential issue for delivering the proper amount
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