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Standardization Standardization as a guiding principle of IPC’s standardization efforts.
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(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
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* 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.

©Copyright 2013. IPC, Bannockburn, lllinois, USA. All rights reserved under both international and Pan-American copyright cmqmrments

copying, scanning or other reproduction of these materials without the prior written consent of the copyright holde s <ir'ctly prohi

constitutes infringement under the Copyright Law of the United States. Document Sharin g Hub
Copyright IPC-Association Connecting Electronics Industries
Provided by IHS under license with IPC Licensee=Sandia National Lab/5932237100, User=sam, albert
No reproduction or networking permitted without license from IHS Not for Resale, 05/28/2014 09:59:53 MDT

Full document details: IPC 5703 2013


http://www.avadocuments.com/doc/ipc-5703-2013
http://www.avadocuments.com/doc/ipc-5703-2013

Gp c@ IPC-5703

Cleanliness Guidelines for
Printed Board Fabricators

Developed by the Bare Board Cleanliness Assessment Task Group
(5-32c) within the Cleaning and Coating Committee (5-30) of IPC

Users of this publication are encouraged to participate in the
development of future revisions.

Contact:

IPC

3000 Lakeside Drive, Suite 309S

Bannockburn, lllinois

60015-1249

Tel 847 615.7100 Documents

Fax 847 615.7105 Document Sharing Hub

Copyright IPC-Association Connecting Electronics Industries
Provided by IHS under license with IPC Licensee=Sandia National Lab/5932237100, User=sam, albert

No reproduction or networking permitted without license from IHS Not for Resale, 05/28/2014 09:59:53 MDT
Full document details: IPC 5703 2013


http://www.avadocuments.com/doc/ipc-5703-2013
http://www.avadocuments.com/doc/ipc-5703-2013

This Page Intentionally Left Blank

Documents

Document Sharing Hub

Copyright IPC-Association Connecting Electronics Industries
Provided by IHS under license with IPC Licensee=Sandia National Lab/5932237100, User=sam, albert
No reproduction or networking permitted without license from IHS Not for Resale, 05/28/2014 09:59:53 MDT

Full document details: IPC 5703 2013


http://www.avadocuments.com/doc/ipc-5703-2013
http://www.avadocuments.com/doc/ipc-5703-2013

May 2013

IPC-5703

Acknowledgment

Any document involving a complex technology draws material from a vast number of sources. While the principal members
of the Bare Board Cleanliness Assessment Task Group (5-32c) within the Cleaning and Coating Committee (5-30) are shown
below, it is not possible to include all of those who assisted in the evolution of this standard. To each of them, the mem-

bers of the IPC extend their gratitude.

Cleaning and Coating
Committee

Chair
Douglas O. Pauls
Rockwell Collins

Vice-Chair
Debora L. Obitz
Trace Laboratories - East

Bare Board Cleanliness
Assessment Task Group

Chair
David Lober
Kyzen Corporation

Vice-Chair
Henry Sanftleben
Delphi Electronics and Safety

Technical Liaisons of the
IPC Board of Directors

Bob Neves
Microtek Laboratories

Dongkai Shangguan
Flextronics International

Bare Board Cleanliness Assessment Task Group

Greg Alexander, Ascentech, LLC
Mike Bixenman, Kyzen Corporation

Peter Bodsky, Thermo Fisher
Scientific

Fritz R. Byle, Astronautics Corp. of
America

Eric Camden, Foresite, Inc.

Calette Chamness, U.S. Army
Aviation & Missile Command

Kirk Chassaniol, Thermo Fisher
Scientific

Beverley Christian, BlackBerry

Terri Christison, Thermo Fisher
Scientific

W. Glenn Colescott, ICAPE-USA
LLC

Harold Ellison, Quantum Corporation

Rigo Garcia, NASA Goddard Space
Flight Center

David D. Hillman, Rockwell Collins

Eddie E. Hofer, Rockwell Collins

Christopher Hunt, National Physical
Laboratory

Joseph E. Kane, BAE Systems
Platform Solutions

Jason Koch, Robisan Laboratory Inc.

Richard E. Kraszewski, Plexus Corp.

Todd MacFadden, Bose Corporation

Brian D. Madsen, Continental
Automotive Systems

Chris Mahanna, Robisan Laboratory
Inc.

Renee J. Michalkiewicz, Trace
Laboratories - Baltimore

Terry Munson, Foresite, Inc.

Graham K. Naisbitt, Gen3 Systems
Limited

Michael W. Paddack, Boeing
Company

Jeannette Plante, NASA Goddard
Space Flight Center

Michah Pledger, Semblant Ltd.

Frank Porter, Coastal Technical
Services

John M. Radman, Trace Laboratories
- Denver

Stan Rak, Continental Automotive
Systems

Randy R. Reed, Viasystems Group,
Inc.

Joseph Russeau, Precision Analytical
Laboratory, Inc.

Tammy Sargent, Rockwell Collins
Karl A. Sauter, Oracle America, Inc.

Keith Sellers, Trace Laboratories -
Baltimore

Russell S. Shepherd, Microtek
Laboratories Anaheim

Cary Anne Simpson, Thermo Fisher
Scientific

Paco Solis, Foresite, Inc.
Karen A. Tellefsen, Alpha
Kirk Van Dreel, Plexus Corp.

Greg Vorhis, Coastal Technical
Services

Mark C. Voss, Plexus Corporation
Bill R. Vuono, Raytheon Company

Vicka White, Honeywell Inc. Air
Transport Systems

Linda Woody, Lockheed Martin
Missile & Fire Control

Lamar Young, Specialty Coating
Systems Inc.

Documents

————Pocument-Sharing Hub
111

Copyright IPC-Association Connecting Electronics Industries
Provided by IHS under license with IPC
No reproduction or networking permitted without license from IHS

Full document details: IPC 5703 2013

Licensee=Sandia National Lab/5932237100, User=sam, albert
Not for Resale, 05/28/2014 09:59:53 MDT


http://www.avadocuments.com/doc/ipc-5703-2013
http://www.avadocuments.com/doc/ipc-5703-2013

IPC-5703 May 2013

This Page Intentionally Left Blank

Documents
- ————Pocument-Sharing Hub
Copyright IPC‘-;‘A’ssociation Connecting Electronics Industries

Provided by IHS under license with IPC Licensee=Sandia National Lab/5932237100, User=sam, albert
No reproduction or networking permitted without license from IHS Not for Resale, 05/28/2014 09:59:53 MDT

Full document details: IPC 5703 2013



http://www.avadocuments.com/doc/ipc-5703-2013
http://www.avadocuments.com/doc/ipc-5703-2013

May 2013 IPC-5703

Table of Contents

T SCOPE ...ttt 1 7  ASSESSING CLEANLINESS .........ccocooenieiinnnene 17
11 INroduCtion .....coooeeveveveeeeeeeeeeeeeeeeeeeeeeeeenesesenennans 1 7.1 History of ROSE Testing ........ccccooovviiiiiininnns 17
12 Why Printed Board Cleanliness is Important ...... 1 7.1.1  LIMItations .....ccocccoivieiiiiiiiiiciieccceceeeeees 19
1.3 Terms and Definitions ...........cccccorevververuevereernnans 2 7.1.2° ROSE and Printed BOArds .......cccooooovvvvvvvvivninns 20
7.2 Ton Chromatography .........ccccceeveeveenieenieeneennnenn 21
2  APPLICABLE DOCUMENTS .........ccooceeiiiinieieennne 2 7.2.1 Why IC Data is Better and Preferred ................ 21
2.1 TPC e 2 7.2.2  Why the Industry is Moving this Way ............... 21
2.2 American Society for Testing and Materials ....... 3 7.2.3  When t0 TESt .covevevevereieeeeeeeeeeeeeeeee e 22
WATER QUALITY oo 3 7.3 TPC-5T704 o 22
?
3.0 Cleaning AdditiVES .........eeeeeeeeeeeeeeeressssssrssssssese g 131 Why These ons? oot 23
7.3.2 TPC-5704 Samples .......ccccevoereeneneniienienieieeeenns 24
4  PREVENTATIVE MAINTENANCE ...................... 5 7.3.3  TPC-5704 Flexibility ......ccoceverriierrerriiirrereinennnnn. 24
5 HANDLING AND ASSOCIATED SOILS ................. 5 7.3.4  Acceptance of IPC-5704 ......ccoovvvvieviiiinieniennen. 24
7.4 SIR TeStiNG ..coevieviiniieiinieieneeeeeeeeeeeeeeae 25
6  FABRICATION PROCESSES .........cccooooininiinninnns 6 7.5 Other TeStS ...ocovevieiirieieeeeeeeeeee e 25
6.1  Raw Material Selection — Laminate ..................... 6 7.5.1 Other Tests — Water Break Testing .................... 25
6.2 Raw Material Storage ...........cccceceeveevervecieniennene 7 7.5.2 Other Tests — Surface Energy ........cccocevveveennnenn. 25
6.3 Copper Clad Laminate Preparation ...........c..cc.c... 7 7.5.3 Other Tests — Water Drop Testing
6.4  Clean and Apply Inner Layer Photoresist ............ 7 (Comparative Tracking Index) .....c..cccceceeevenenee. 25
6.5 Expose and Develop Photoresist ..........ccccceevennenne 8 8 REFERENCES ...........ccooiiiieieieeeeeeeeens 25
6.6  Etch Inner Layers ........cocooeeeeeieinineseeeeee, 8 9  ACKNOWLEDGEMENTS o 26
6.7 Outer Layer Imaging ........ccccevvveviveviiienienieenieenn 9
6.8  Strip PhOtOresist .......coccererierieieieieieeese e 9 Figures
6.9 Layup for Lamination ..........ccoceeveeveeniennienneenn 9 Figure 1-1  Examples of Dendritic Growth......................... 1
610 Lamination .......................................................... 10 Figure 1-2 Venn Diagram |||ustrating Variables Aﬁecting
611 Drill HOIES ..oooorrvroeeeeeeeeeeceseeeeeseoeeee s 10 Electrochemical Failure .......ccovvreerrrssssscien 1
6.12  Deburring, Etchback, and Desmear .................... 11 Figure 6-1 gg?g rg:ozre:jt:qcanonProcessforMuItllayer ________ 6
6.13 Maklng Holes ConducCtiVve .........oeeeveeeeeeieeeeenannn. 11 Figure 6-2 Solder Mask Adhesion Problems Caused
6.14  Application of Outer Layer Photoresist ............. 11 by Inadequate Rinse Prior to Application......... 13
Figure 6-3  Solder Mask Lifting from Conductor Due to
6.15  Outer Layer Expose and Develop .........c.cccc...... 12 Inadequate Rinse Prior to Application............ 14
616 Pattern Plate and Outel‘ ReSiSt ............................ 12 Figure 6-4 Solder Mask F|ak|ng Due to |nadequate
6.17  Etch Copper and Etch Resist Metal ................... 12 Rinse Prior to Application .............uwwueeeuiiiseeess 14
618 Soldr Mask Application and Devclopment ... 13 F0US 6% Sader Mask Bublng Do 0 Envapped
6.19  Processing AidS ......ccoceeveveririerieeieeieeeeeeeenens 15
6.20  Final Finish ......ccocooiiiiiiieeeee 15 Tables
6.21 Outer Layer Marking .......................................... 16 Table 6-1 Deveiop and Strip Considerations _______________________ 8
6.22  Depanelization and Routing ...........cccceevrvervenene. 16 Table 7-1  Equivalence Factors for ROSE Testing
Equi L PP 18
6.23  Blectrical TeSt ....oooooooooeooeseoeesoeesoeseoes s 17 duipmen
Table 7-2  INOrganic loNS.........ccoceeeeeiiieee e 23
6.24  Packing / Board Storage / Shipment .................. 17
Documents

————PocumentSharingHub
Copyright IPC-Association Connecting Electronics Industries v

Provided by IHS under license with IPC Licensee=Sandia National Lab/5932237100, User=sam, albert
No reproduction or networking permitted without license from IHS Not for Resale, 05/28/2014 09:59:53 MDT

Full document details: IPC 5703 2013


http://www.avadocuments.com/doc/ipc-5703-2013
http://www.avadocuments.com/doc/ipc-5703-2013

IPC-5703 May 2013

This Page Intentionally Left Blank

Documents
- —————PocumentSharing Hub
Copyright II‘DE-Association Connecting Electronics Industries

Provided by IHS uvjider license with IPC Licensee=Sandia National Lab/5932237100, User=sam, albert
No reproduction or-networking permitted without license from IHS Not for Resale, 05/28/2014 09:59:53 MDT

Full document details: IPC 5703 2013



http://www.avadocuments.com/doc/ipc-5703-2013
http://www.avadocuments.com/doc/ipc-5703-2013

May 2013 IPC-5703

Cleanliness Guidelines for Printed Board Fabricators

1 SCOPE

1.1 Introduction In many IPC standards development meet-
ings, those individuals responsible for assessing the quality of
incoming unpopulated printed boards have lamented the fact
that bare printed board cleanliness is often an unknown qual-
ity parameter, often with undesired results. This is often due
to the lack of understanding of materials and processes by the
fabricator, or more often because the industry has driven mar-
gins so low that experienced process professionals cannot be
retained by the fabricator.

Therefore, the IPC 5-32c Bare Board Cleanliness Task Group

resolved to generate guidelines on those factors in the printed
. board fabrication process which can directly or indirectly
affect the final cleanliness of packaged bare printed boards.
~ This document is intended to be a general tutorial on items in
f the printed board fabrication process which can affect, directly
* or indirectly, cleanliness.

1.2 Why Printed Board Cleanliness is Important One of

the aspects of printed board assembly reliability is electro-
chemical reliability, which is related to the residues left on an
assembly. Some residues are benign while others are harmful.
Electrochemical failure mechanisms are comprised of three
elements: (1) an ionic residue; (2) an electrical potential or
voltage gradient; and (3) moisture or humidity. All three must
be present at some minimum level (which varies) for electro-
chemical failures to occur. Electrochemical failures are evi-
denced in two primary areas: (1) unacceptable leakage cur-
rents under humid conditions, and (2) electrochemical
migration (dendritic growth). An example of dendritic growth
can be seen in Figure 1-1.

The Venn diagram shown in Figure 1-2 is useful in under- Figure 1-1 Examples of Dendritic Growth
standing the relation between these three factors. The amount

g 300pm

of impact can be visualized by considering the diameter of the Electrochemical
Failure Region

individual circles to be proportional to the forcing function.
As an example, if a device is operating in a very humid envi-
ronment, the diameter of the humidity circle grows larger as
does the electrochemical failure region. In addition, operating
temperature and time can compound or accelerate these fac-
tors. Higher temperatures can increase dissolution of residues
and can accelerate electrochemical reaction rates. If service
lives are long, the risk of electrochemical failures increases.

Every printed board, or printed board assembly made from
such boards, has a different cleanliness need. Unfortunately,
not many assemblers or OEMs know how to determine how
clean their assemblies have to be. There have been many
instances where the present printed board cleanliness test
methods, such as resistivity of solvent extract (ROSE) testing,
have been inadequate to determine the true cleanliness of Figure 1-2 Venn Diagram lllustrating Variables Affecting

printed boards or assemblies. Electrochemical Failure Documents
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How clean a printed board or a printed board assembly needs to be for a particular application or end use environment
depends on a number of factors. Among them:

* As circuit densities increase (e.g., smaller lines and spaces), the electrical bias across the smaller space results in a higher
voltage gradient across this space. Consequently, the bias circle shown in Figure 1-2 expands, and the risk of failure
increases.

* For an assembler who utilizes some form of cleaning, the increased circuit density often means a greater challenge to com-
plete cleaning.

e For an assembler who does not utilize any cleaning processes (i.e., ‘“‘no-clean”), the cleanliness of the bare printed board
becomes critical as there is no opportunity to remove harmful residues in the printed board assembly process.

From the perspective of the assembler or user of the printed board, the use of process control methodologies in the manu-
facture of printed boards is very important, especially for high reliability applications. Because printed boards for these
critical applications are often very sensitive to contamination, showing consistency in the fabrication processes involving
cleaning is often of great interest. To an experienced printed board assembly auditor, if there are no metrics in the fabrica-
tion process which focus on board cleanliness, a red flag is generated.

Such an auditor will also look for objective evidence that the resulting cleanliness of the printed boards has been evaluated
as part of the qualification process, whenever major changes in materials or fabrication processes are made. New technolo-
gies, such as new plating solutions or methods, may add undesirable residues to the printed board. It takes more than just a
word from a salesman to say a new material or process is ‘“‘clean.”” Factors which have never impacted cleanliness before
can become factors as technology advances. The vigilant fabricator keeps evaluating the cleanliness of the process as new
technologies come on line.

From the perspective of the assembler, tracing field failures to the cleanliness of incoming printed boards is often exorbi-
tant in terms of time and cost. Often, an assembler has to examine the cleanliness of each step of the entire manufacturing
process to determine where a cleanliness-related fault originates. If the expertise or equipment to do this evaluation does not
exist in the assemblers’ organization, then the task must be subcontracted or there is a need to have specialized consultants
brought in. What may only be a difference in pennies in a printed board fabrication process can cost an assembler hundreds
of thousands of dollars to track down.

While this document goes over the various fabrication processes and how they impact printed board cleanliness, the single
greatest factor for printed board cleanliness is the quality of the water used for washing and rinsing operations.

1.3 ferms and Definitions The definition of all terms used herein shall be in accordance with IPC-T-50.
2 AP;PLICABLE DOCUMENTS

2.1 IPC!

IPC-WP-008 Setting up Ion Chromatography Capability

IPC-TM-650 Test Methods Manual?

2.3.25 Detection and Measurement of Ionizable Surface Contamination
2.3.25.1 Ionic Cleanliness Testing of Bare PWBs

2.3.28  Ionic Analysis of Circuit Boards, Ion Chromatography Method
2.3.28.2 Bare Printed Board Cleanliness by Ion Chromatography

2.6.14.1 Electrochemical Migration Resistance Test

IPC-HDBK-840 Solder Mask Handbook

IPC-1601 Printed Board Handling and Storage Guidelines

IPC-5704 Cleanliness Requirements for Unpopulated Printed Boards

IPC-6012 Qualification and Performance Specification for Rigid Printed Boards

IPC-9191 General Guideline for implementation of Statistical Process Control (SPC)

1. www.ipc.org
2. Current and revised IPC Test Methods are available on the IPC Web site (www.ipc.org/html/testmethods.htm) DOC l.l m entS
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2.2 American Society for Testing and Materials3
ASTM F21 Standard Test Method for Hydrophobic Surface Films by the Atomizer Test
ASTM F22 Standard Test Method for Hydrophobic Surface Films by the Water Break Test

3 WATER QUALITY

Water quality varies tremendously around the world. Tap water, used by many fabricators for rinsing and cleaning, may have
minerals, particulate matter, pollutants, or additives like chloride or sulfur that are used to reduce bacteria. Hard water (heavy
in mineral deposits) is often limited in its ability to clean. The minerals in the water can chemically interact with manufac-
turing solutions in fabrication, resulting in a residue that may be difficult to remove. The cleaner the water, the better the
cleaning ability, which lowers the risk of unintended residues.

Effective aqueous cleaning in printed board fabrication is a combination of time, temperature, and solvating ability of the
water or cleaning solution:

* Hot water cleans better than cold water.

* Water quality may vary by season or by water source (e.g., river).

* Clean water cleans better than polluted water.

» Water with a detergent or cleaning agent additive works better than plain water, provided you have adequate rinsing.
. » Printed boards exposed to a longer cleaning cycle will be cleaner than those with a shorter cleaning cycle.

= * A thorough cleaning process, incorporating cleaning agents and rinsing, is better than a mild or low cost cleaning process.

- In consideration of overall water quality, the following grades of water progress from least desirable as a cleaning agent to
.~ most desirable. As water quality rises, the cost per unit volume also increases:

» Unfiltered tap water: as indicated above, unfiltered tap water may have many materials which are both detrimental to
printed board reliability and which reduce the effectiveness as a cleaning agent.

"« Tap water that has been pH altered: In some portions of the world, the natural pH of the water may be alkaline and fab-
ricators have sometimes added acids to reach a more neutral pH. While this may balance the pH, the acid itself is detri-
mental to cleaning.

* Filtered tap water: Simple filtration with activated carbon can greatly reduce undesirable materials in the water, as well as
reduce particulates in the water. Undesirable contamination levels can still remain.

* Softened water: The water softening process will remove minerals from tap water and is often effective at reducing par-
ticulates in water. The purpose of water softening is to remove divalent metals like calcium and magnesium, exchanging
them for sodium. Water softening operations do not imply carbon filtration. The softening process involves processing the
water through salt brine. Consequently, softened water is often high in sodium and/or chlorine. Both of these elements are
known to be detrimental to printed board cleanliness. If softened water is used in a cleaning process, it is highly recom-
mended that subsequent rinses be with reverse osmosis or deionized water.

* Reverse osmosis (RO) water: RO water is generated using membrane technology. RO water is free of particulates, miner-
als, and most ionic material, and is an effective cleaning agent. RO water has a resistivity range of 100 kilohm-cm to
2 megohm-cm. One of the drawbacks of RO water is that it usually takes 10 gallons of tap water to generate 1 gallon of
RO water.

* Deionized (DI) water: DI water is the most desirable of water grades for purposes of cleaning. Deionized water is gener-
ated by taking RO water and passing it through ion exchange columns, removing any residual ionic material. Deionized
water has a resistivity range of 2 megohm-cm or higher. Laboratory grade DI water will be around 18 megohm-cm.
A resistivity of 2-8 megohm-cms is desirable for most aqueous cleaning. If water resistivity is significantly higher than
10 megohm-cm, it can become too aggressive a cleaning agent, especially for semiconductors and similar microcircuits.

An industrial aqueous cleaning operation will typically have tap water plumbed first into a particulate trap and then into a
carbon filtration column. The output of this column will feed into a series of deionizing columns which make the water
progressively cleaner. In-line resistivity monitors can show either a numeric readout of the water resistivity or a simple red
light / green light arrangement if the resistivity falls below a set value, usually 2 megohm-cm. Most often, these lights are
located at the DI source. Monitoring lights or meters are most effective when placed at the point of use (where the rinsing
is performed). These monitors need some flow through them to be effective.
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As the ion exchange resins in the column become expended, the first column in line is removed and taken for resin regen-
eration. Each column is moved up in the rotation and a fresh column added at the end of the line.

In some cases, highly polished deionized water (18 megohm-cm at the source) has been used successfully for specialty
aqueous cleaning operations. It is difficult to maintain this high level of resistivity. Carbon dioxide in the atmosphere will
rapidly degrade water resistivity from 18 megohm-cm to 2-8 megohm-cm. Resistivity of the deionized water will also drop
the farther it is piped from the deionizing source (columns), placing the resistivity in the desirable 2-8 megohm-cm at the
point of use. This resistivity drop should be considered when determining the placement of deionizing columns and plating
tanks or aqueous cleaning equipment. If the source and destination are widely removed, and high resistivity water is
required, a small polishing column can be implemented at the destination.

Piping for deionized water is recommended to be electropolished 316 stainless steel (not 304 alloy), or Schedule 80 gray
polyvinyl chloride (PVC), chemically resistant PVC (CPVC) or polyvinyldienefluoride (PVDF). It is recommended that the
following NOT be used for piping deionized water: copper, unpolished stainless steel, garden hoses, or Tygon® tubing.
Tygon® tubing can, over time, leach material from the plastic, and may contribute to organic growth (e.g., algae).

A RO and DI water setup should incorporate ultraviolet (UV) irradiation of the water. This will keep algae out of the water
system and can greatly reduce the amount of bacteria in the water. Algae and bacteria can have undesirable results in printed
board fabrication and their presence will not be detected by simple conductivity cells. An RO/DI system involves membrane
technology which requires periodic maintenance to the membrane to keep it clean.

It should be noted that the RO and DI process does not remove everything from the water. Most public water treatment
plants use sand as a filtration media. Consequently, most deionized water contains some soluble silica. Standard filtration
methods will not remove it and since silica is not ionic, deionizing columns will not remove it. Soluble silica can accumu-
late with time, making preventative maintenance problematic and can eventually transfer to circuit assemblies.

It has been debated in the industry on whether or not all rinsing in a fabrication process has to be with DI water. Some
fabricators use tap or RO water to knock off the bulk of the chemical residues, followed by a hot DI water rinse. While this
is possible in some operations, impurities in the tap or RO water can cause some chemicals to become insoluble in a later
rinse.

While many of the chemical analysis methods focus on the presence of ionic contaminants on printed boards, the presence
of non-ionic contaminants can be just as harmful to board quality. These non-ionic materials can cause problems in plating,
with solder mask adhesion, mass lamination layer separation, solderability problems with plated metals, and conformal coat
adhesion.

Highly deionized water does not negatively impact most electronic assemblies. DI water in manufacturing rapidly drops
from the 18 megohm-cm level to the 2-8 megohm-cm level. Repetitive cleaning with DI water is not detrimental. Long term
exposure to highly polished (18 megohm-cm) DI water (e.g., soaks for extended periods) may microetch electronic surfaces,
but this is a rare occurrence.

One exception to this may be the cleaning of microelectronics, such as wafers and semiconductor die, where the wire bond-
ing pads are pure aluminum. Highly deionized water can quickly attack such surfaces, oxidizing them and interfering with
subsequent wire bonding. In such cases, it is common to bubble carbon dioxide through 18 megohm-cm water to bring it
down to 2-3 megohm-cm resistivity. This assures that the water is very clean but not so aggressive as to etch the aluminum
pads.

In short, with some limited exceptions, all water used in printed board fabrication should be DI water.

3.1 Cleaning Additives There are a variety of chemical additives designed to improve the effectiveness of water in an
aqueous cleaning process. These additives are generally detergents or saponifiers and should be chosen for the soils involved.
While commercial grade detergents, such as dishwashing detergent, are attractive from a cost standpoint, they are not
designed for cleaning electronic materials and often leave undesirable residues such as surfactants.

Some cleaning agents can be corrosive and may pose a risk to some board finishes if not completely removed during the
rinsing process. Care must be taken in selecting the cleaning agents for the particular application.
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