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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.

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
a charge for industry standards and publications. Standards allow manufacturers, customers, and suppliers to
this document? understand 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
participates 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 2022. IPC International, Bannockburn, Illinois. All rights reserved under both international and Pan-American copyright CODPEI . ents
copying, scanning or other reproduction of these materials without the prior written consent of the copyright holder is strict'y hrinibited and constitutes
infringement under the Copyright Law of the United States. Document Sharing Hub
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Troubleshooting for Printed Board Fabrication Processes
Section 1 — Scope

1 SCOPE
This handbook provides problems, causes and possible corrective actions related to printed board manufacturing processes.

1.1 Purpose The purpose of this standard is to help designers, manufacturers and users of printed boards to troubleshoot fabrication
processes to build electronics better.

1.2 Classification IPC standards recognize that electrical and electronic assemblies are subject to classifications by intended
end-item use. Three general end-product classes have been established to reflect differences in manufacturability, complexity,
functional performance requirements, and verification (inspection/test) frequency. It should be recognized that there may be
overlaps of equipment between classes.

CLASS 1 General Electronic Products

Includes products suitable for applications where the major requirement is function of the completed assembly.

CLASS 2 Dedicated Service Electronic Products

Includes products where continued performance and extended life is required, and for which uninterrupted service is desired but
not critical. Typically, the end-use environment would not cause failures.

CLASS 3 High Performance/Harsh Environment Electronic Products

Includes products where continued high performance or performance-on-demand is critical, equipment downtime cannot be
tolerated, end-use environment may be uncommonly harsh, and the equipment must function when required, such as life support
or other critical systems.

1.3 Use of “Lead” For readability and translation, the metallic element lead is always written as Pb.

1.4 Abbreviations and Acronyms See Appendix A for full spellings of abbreviations (including elements) and acronyms used in
this standard.

1.5 Terms and Definitions Terms and definitions shall be in accordance with IPC-T-50 and 1.6.1 through 1.6.32.

1.6 IPC-9121 Format Example This document follows the general format seen below. In instances where there is no photo, a
photo is not necessary or one could not be found. Potential test methods for discovery and verification are included in tables where
applicable.

IPC encourages readers to submit process problems with photos as well as proposed causes and solutions to the IPC 7-24 Printed
Board Process Effects Handbook Subcommittee. Submissions will be considered for document revisions.
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Figure 1-1 Photo Resist Under-Exposure

CAUSE ACTION

UV source inadequate Check exposure intensity/wavelength/duration

Expose intensity inadequate Review, reinstated exposure control procedures

Expose time inadequate Review, reinstated exposure control procedures

Oxygen exposure of photoresist prior to exposure Review photoresist shelf life

Potential test methods (discover) Potential test method (verification)

AOQI (line/space reproduction) AOI

Etch-outs Periodic UV photometer and step tablet exposure checks

1.7 Guidelines for Effective Troubleshooting and Process Control One of the keys to effective problem solving is a structured
routine that addresses key points each time a major problem is encountered. This section suggests steps to effectively find
the cause of a problem and to solve it permanently. Refer to IPC-9191 for suggested methodology for statistical process
control (SPC).

1. Before beginning a detailed troubleshooting project, use common sense in defining the problem.

* Verify there is a problem.

 Observe the defective product and compare it to the standard.

* Identify the standard process and product and then determine any present deviation from the standard or any change in
the product.

2. Establish whether operating procedures were followed and whether an assignable cause can be quickly identified as the reason
for the problem.

* Only continue into more detailed analysis if the initial questions do not lead to an obvious answer.
» Even if the answer appears to be obvious, confirm the answer by operation of the process before closing the project.

3.Develop a clear, concise problem statement that quantifies the problem whenever possible and reduces the scope of the
investigation to a manageable size.

4. Gather all pertinent data and facts.

 Use statistical process control (SPC), historical data, records, logs, etc.
* This includes temperature charts, analysis records, maintenance logs, etc.

5.Perform a causal analysis:

* Producing out-of-specification parts requires immediate action (i.e., shut down the process).
» Out-of-control processes require determination whether the process can continue to operate.
» Severe process variation requires evaluation of the severity and effect of the problem on the final product.
6.Develop an action plan which includes the procedures for addressing products produced during out-of-specification or
out-of-control conditions. The plan should also indicate who should make those decisions. These issues include but are not

limited to:
* Disposition of the defective material (repair, scrap, replace, etc.). Docu ments
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* Checking the effect on scheduled delivery.

 Informing the effect on scheduled delivery.

» Request for nonconformance authority or Material Review Board (MRB) action.
 Establish a corrective action plan to reduce or eliminate the likelihood of recurrence.

7.Conduct a Measurement System Evaluation, which is a means used to detect and identify the problem. This includes not only the
measuring apparatus, but also:

* The sampling method.

 The operator (and his/her instructions).

» Accuracy and calibration of equipment.

» Environmental factors (e.g., lighting, temperature, and relative humidity (RH))

8. The variation inherent in the measurement of attribute data and responses that are subjective in nature can be addressed. The
evaluation is more complex in nature, but it is still an essential part of the analysis of the problem. IPC-9191 discusses this
subject in greater detail.

1.8 Parameter Analysis The purpose of parameter analysis, as detailed in [IPC-9191, is to establish cause-effect relationships and
to identify, isolate and rank major sources of variation. Common sources are:

* Positional variation (within a piece).
* Cyclical variation (piece to piece).
» Temporal variation (over time).

1.8.1 Brainstorming The development of a cause-and-effect diagram by a cross-functional problem-solving team is critical to the
identification of variables to be studied. Care should be taken to include representatives of the disciplines that are part of the process
being studied, such as engineering, quality, manufacturing operators, analysis laboratory, etc.

Identify all possible causes of the problem, including process steps, raw materials, materials handling, inspection and personnel
(i.e., ““fishbone’’ diagram for root cause analysis). The ranking of these factors by the problem-solving team should be used to
establish those factors that will be studied experimentally. The problem-solving team should, at a minimum, include manufacturing
engineers, quality engineering and operators who are intimate with the process. The team should take care to openly consider new
ideas on the problem.

Situations may occur in which the formation of a brainstorming team is inappropriate. Only someone with troubleshooting
experience should make the decision to approach a problem alone. Considerable time and effort can be wasted by failure to get
input from all knowledgeable sources.

1.8.2 Process Audit Process an audit by reviewing the entire operation (e.g., documentation, transfer, handling, processing, etc.).
Identify current conditions and compare to the standard. Define process windows. An audit is best conducted by someone not
directly involved in the day-to-day operation of the process.

1.8.3 Initial Capability Study Initial capability studies are ideally done before the process is accepted for production. This means
creating a match between the process and the product, and it results in a process control window that is capable of producing the
product.

One approach to troubleshooting that quantifies improvement for reporting to management involves a capability assessment.
IPC-9191 discusses in greater detail the generation of capability indices. This step promotes a clear understanding of the process
matrices, but it requires time and resources.

1.8.4 Optimization This step includes the variety of techniques used to isolate factors that affect the response being studied.
The most important technique is to alter one-factor-at-a-time change. Comparison of the output at both settings is mandatory to
establish the real effect of the process change. Outside factors that are not controlled when a new factor setting is evaluated can
cause incorrect conclusions to be drawn.
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1.8.5 Confirmation and Final Capability Assessment After determination of preferred settings for those factors studied,
a confirmation run must be performed to establish the performance of the modified process. This step often consists of a
short-term capability analysis for comparison with the initial capability assessment. A quantitative comparison of indices can be
easily understood by uninvolved parties (e.g., management). Only after confirmation of the test results should process changes be
implemented.

1.8.6 Parameter Control At this point, the factors that significantly impact the identified problem are understood and must be
controlled. IPC-9191 discusses parameter control in detail. If the tolerance band for these parameters is not clearly understood,
more advanced experimental techniques can be used to establish specification limits.

1.8.7 Corrective Action Plan When a problem is identified, you must recommend the required course of action and then follow-up
to ensure it is understood and implemented. This may include:
1) Documenting the problem and solution.
2) Determining the measures to be taken to prevent recurrence.
3) Redefining the process control window.
4) Setting up permanent controls to keep the variables within the set limits. These may include:
. Process audits at specified intervals.

a
b. Process control or parameter measurement reporting (control charts, etc.).

o

. Preventative maintenance to keep equipment functioning at established levels.

o

. Reporting the problem and corrective action to the appropriate people.
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Troubleshooting for Printed Board Fabrication Processes
Section 2 — Applicable Documents

2 APPLICABLE DOCUMENTS

The following documents of the issue currently in effect form a part of this guide to the extent specified herein.

2.1 IPC

IPC-2221 Generic Standard on Printed Board Design

IPC-2222 Sectional Design Standard for Rigid Organic Printed Boards

IPC-2251 Design Guidelines for Electronic Packaging Utilizing High Speed Techniques
IPC-2252 Design and Manufacturing Guide for RF/Microwave Circuit Boards

IPC-2581 Generic Requirements for Printed Board Assembly Products Manufacturing Description Data and Transfer
Methodology

IPC-2611 Generic Requirements for Electronic Product Documentation

IPC-2614 Sectional Requirements for Board Fabrication Documentation

IPC-4552 Performance Specification for Electroless Nickel/Immersion Au (ENIG) Plating for Printed Boards
IPC-6012 Qualification and Performance Specification for Rigid Printed Boards

IPC-A-600 Acceptability of Printed Boards

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

IPC-D-300 Printed Board Dimensions and Tolerances

IPC-D-310 Guidelines for Phototool Generation and Measurement Techniques

IPC-D-330 Design Guide Manual

IPC-DR-572 Drilling Guidelines for Printed Boards

IPC-PE-740 Troubleshooting for Printed Board Manufacture and Assembly*

IPC-SM-840 Qualification and Performance of Permanent Polymer Coating (Solder Mask) for Printed Boards
IPC-T-50 Terms and Definitions for Interconnecting and Packaging Electronic Circuits

IPC-TM-650 Test Methods Manual

2.3.38 Surface Organic Contaminant Detection Test

2.3.39 Surface Organic Contaminant Identification Test (Infrared Analytical Method)

2.6.7.2 Thermal Shock, Continuity and Microsection, Printed Board

2.6.26 DC Current Induced Thermal Cycling Test

2.6.27 Thermal Stress, Convection Reflow Assembly Simulation
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Troubleshooting for Printed Board Fabrication Processes

Section 3 — Designh and Documentation

3 DESIGN AND DOCUMENTATION

This section provides information on printed board conditions directly affected by the design and documentation provided to the
fabricator. Although the recommended solutions must be implemented during the design and documentation phase, they are often
useful in identifying conditions which lead to defects or anomalies in the completed printed board or fabrication panel.

Design of printed boards and printed board assemblies requires a complete understanding of the board manufacturing process,
including assembly and higher-level installation processes. Designers must consider manufacturing allowances for conductor
definition and plated-through hole (PTH)-to-land relationships (see IPC-2221) to ensure minimum annular ring is achieved per
the design requirements. In addition, proper clearances for automatic component insertion or placement equipment heads must be
accommodated.

Choice of materials for board construction is important relative to the performance of the electronics and to the board’s survival
through assembly processes. High-temperature laminate is used in products that must dissipate extreme heat or are subjected to
temperature gradients in the location where the final assembly is used (i.e., automotive product that must operate under the hood).

Design requirements must be properly documented to ensure proper board fabrication and assembly conditions. Proper
documentation requires the definition of all features and tolerances plus references to any performance specifications to which
the product must adhere. The Documentation Package consists of all the information needed to properly produce the original
product and to reproduce the same features at another time or location without ambiguity. Customer dissatisfaction can result when
product performance expectations are not properly documented and the manufacturer uses best judgment to meet the assumed
requirements. Refer to the IPC-2611 series, which defines generic documentation requirements, and IPC-2581, which defines
requirements for data transfer from design into manufacturing (fabrication, assembly and test).

This section details some of the major problems that occur during design and documentation processes.

3.1 Design Design disciplines use manual or automated techniques to describe the characteristic of the printed board or printed
board assembly. The design principles may be applied to single-sided, double-sided or multilayer structures.

Materials may be organic (rigid, flexible) or nonorganic (ceramic, silicon or coated metal). At times, combinations of materials
are used to meet design objectives. An example of this is a rigid-flex multilayer product with a metal core to dissipate heat from
several components. Proper material selection to build a product at an acceptable yield and cost requires an understanding of the
manufacturing process and end-product usage environment.

There are many computer-aided design (CAD) systems available to assist in the design process. Cost of hardware and software
varies depending on the application and how much computing power the designer needs. High-end systems provide many checks
and balances and guide the design to make sure the circuit works properly. These systems have design rule checking built in so
caution or restrictions are identified as the design progresses.

Most designers can take advantage of these automation tools. Unfortunately, some of the systems allow for design features which
may not be manufacturable. This may be caused by a combination of the capability of the CAD operator as well as the CAD system
performance. The capabilities of the manufacturer must be taken into consideration as well since they will vary across the supply
base. In the past, success or failure of a CAD system’s performance was measured in terms of design completion or number of
electrical nets connected. Thus, benchmarking consisted of the time it took the machine, or man/machine combination, to place all
components and to interconnect all component leads or terminations. The measurement made did not include the requirements for
manufacturability or testability of the board or assembly.

In addition to placement, routing, design for manufacturability (DfM) and design for reliability (DfR), signal integrity is another
item the designer must balance. Circuit performance is critical, especially for more exotic construction combinations. Nevertheless,
designers and design systems are still judged on DfM and concurrent engineering to reflect the needs of designs to be manufacturable.
Add to these requirements that the product must survive in the environment for which it was intended, which is why DfR has been
added to success measurement.

An understanding of appropriate design principles that address pertinent manufacturability, testing and quality issues must be
applied during the design process. Refer to the [PC-2221 series for guidance and recommendations. Several other standards are
available for specific applications and incorporate not only the requirements of the end product but how the manufacturer uses the
information to guarantee reliability of the end product. In many instances, an original equipment manufagéyrer (QEM) perfogms
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conditioning testing on the prototype product, and then once the benchmark for the end use has been established, the manufacturer
is required to repeat some of the testing to validate the manufacturing capability to produce a robust assembly.

A final concern is an industry characteristic that assumes the designer understands the manufacturing and assembly processes.
After spending large sums for a CAD system (hardware and software), CAD operators, rather than printed board designers, are
expected to perform design functions. This means many designs are a product of computer algorithms and the manner in which
the operator was permitted to change or modify the system design rules to complete the component placement and interconnection
functions. These conditions have resulted in some of the problems identified in this section.

3.2 Layout Problems
3.2.1 Location of Holes and Terminations

3.2.1.1 Components and PTHs are Not Referenced to Datum or Grid Outline

UL

A

AN

Figure 3-1 Grid Outline

V)

@)
\\!

A - Global fiducial targets

CAUSE ACTION
Improper establishment of datum reference frame Reevaluate board layout and identify a minimum of two features to
establish the mutually perpendicular datum reference frame

Identify location of 0/0 datum feature so all or most of the board
characteristics are in a positive Cartesian coordinate zone

Potential test methods (discover) Potential test method (verification)
Visual inspection of fabricated panel Measurement of phototool
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Figure 3-2 Grid Outline

CAUSE ACTION
Intermixing of metric- and inch-based parts

Establish the majority of the part’s dimensional characteristics and
choose that concept as the master grid

Identify all parts that do not fit that description as off-grid and
code as such in the CAD library definition

Potential test methods (discover) Potential test method (verification)

Visual inspection of assembly Check computer library
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Figure 3-3 Fiducials

T

CAUSE ACTION

Design completion technique established an alternate or
secondary grid system

Layout the board again, starting with a positioning approach

and single-grid system that comes closest to meeting initial
objectives

As redesign proceeds, adjust space to accommodate problems
forcing alternate grid systems

Potential test methods (discover) Potential test method (verification)

Visual examination of finished board

Improve checking system after layout
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Figure 3-4 Datum Lines Outside of Board

CAUSE ACTION
Density of layout prevented the datum reference from being on the | Establish off-board tooling hole relationship to a conductor or land
board pattern cluster to evaluate the end-product board

Use automatic optical inspection (AOI) techniques to evaluate
artwork or conductive pattern

Potential test methods (discover) Potential test method (verification)

Visual examination of panelization layout Develop alternate datum-capture locations to verify angularity
using board features

3.2.2 Electrical Description Inconsistency

3.2.2.1 Layout Does Not Match Schematic, Logic Diagram or CAD File

._
L2
0.06uH
R4 Qi o
MPSH11
C627pF &~
I XTAL149.89 MHz
R6 =c7 180pF =
0.001 220
He—
SHDEL
[ [
Figure 3-5 Non-matching Layout
CAUSE ACTION
Changes made to design were not incorporated in schematic/ Evaluate engineering change control procedures
logic diagram
Back annotation never completed
Handbook for equipment maintenance required reassignment of Incorporate routine checks/checklists to ensure changes
reference designators appropriately made to the entire document set
Potential test methods (discover) Potential test method (verification)
Compare handbook with engineering documentation Document policies and procedures, and then enforce
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3.2.3 Tooling Hole Location

3.2.3.1 Tooling Holes Not Established or Wrong Size

@—_ y
o
e |
e

Figure 3-6 Tooling Holes
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CAUSE

ACTION

Design has not been coordinated with fabrication and assembly
engineering

Establish DfM standards which consider tooling-hole location
requirements for both fabrication and assembly

Board is very small, and there is no room for tooling holes

If board size and/or density prohibits internal tooling holes,
panelize boards with external tooling holes as part of design

Board is very dense, and there is no room for tooling holes

Boards can be excised following fabrication and assembly
processes

Potential test methods (discover)

Potential test method (verification)

Manufacturing difficulty in circuit registration

Develop a standard set of panels for company products, and then
enforce

3.3 Electrical

3.3.1 Electrical Arcing Between Adjacent Conductors

CAUSE

ACTION

Improper conductor spacing

Recalculate conductor spacing per IPC-2221

Potential test methods (discover)

Potential test method (verification)

Product field failure

Hi-pot test under environmental conditions
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3.3.2 Unable to Achieve Functionality/Reliability Using Signal Integrity Devices

-

Figure 3-7 Signal Integrity Test

CAUSE ACTION

Signal integrity board design principles not followed for controlled- | Refer to IPC-2251 and IPC-2252
impedance HS/HF applications

3.3.3 Conductor Crosstalk and Board Radiation

CAUSE ACTION
Power distribution layout, causing high inductance and few Redesign voltage and ground distribution layout, using design
adjacent signal return paths principles of IPC-2221 series
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Troubleshooting for Printed Board Fabrication Processes

Section 4 — Artwork and Imaging

4 ARTWORK AND IMAGING

4.1 Phototools Phototools can be considered templates of a circuit pattern, with opaque and transparent areas through
which ultraviolet (UV) radiation is transmitted in transparent areas and blocked in opaque areas, to form the resist pattern in
the photoresist.

It may be useful to first explain the terms artwork and phototool. Historically, a master artwork was generated manually, by
photolithographic means, or a combination thereof. This artwork was not used in the printed board exposure process to avoid
damage to the artwork through handling and abrasion, but it was used to create copies—so called phototools that were used during
exposure. Today, the phototool is directly formed from digital data in the laser photoplotter, so artwork is a term used for the data.

The initial data are CAD data from the designer. The fabricator adds and modifies information in the computer-aided manufacturing
(CAM) station. The CAM data encompass more information than just the circuit pattern: they include drill patterns, AOI data,
legend pattern information and solder mask pattern information. The circuit pattern information drive the photoplotter to generate
the phototool. In the case of laser-direct imaging (LDI), the information drive the laser, omitting the generation of a phototool. This
is comparable to the process of generating a legend print directly from CAM data that drives an inkjet, bypassing the generation of
a screen for screen printing.

Traditional phototools are either Ag or diazo phototools. Less common and more expensive are chrome-on-glass phototools. The
terms Ag and diazo refer to the nature of the chemistry that generates the opaque and translucent patterns in the phototool. The Ag
phototool contains colorless Ag salts that form dark, metallic Ag upon exposure to UV radiation. The Ag features are the opaque
areas of the phototool. The diazo phototool contains two dye precursors: a diazonium salt and a coupler. During exposure of the
diazo phototool, the diazonium salt is decomposed in the exposed areas so no dye molecules can be formed in these areas during
development in an ammonia atmosphere, thus leaving exposed areas transparent to UV radiation. In unexposed areas, however,
preserved diazonium salts will react with the coupler when exposed to ammonia vapors, forming the UV opaque areas.

Figure 4-1 Raster Scanning vs. Vector Plotting

A - Vector Planning
B - Raster Planning

Today’s laser phototool plotters use the raster scanning method, whereas earlier models often used the vector plotting method.
Figure 4-1 illustrates the difference in these methods. Raster scanning is similar to the formation of a picture on a TV screen. Raster
scanning is faster than vector plotting and is independent of the complexity of the image.

The following compare the steps of manual phototool generation used in the past with vector plotting and raster plotting.
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Manual Method Steps

NS s DD -

Design

Taping

Camera reduction

Step and repeat

Add coupons, identification (contacting)
Artwork master

Phototool

Vector Plotting Steps

1
2
3
4.
5
6

. Design (CAD)
. Phototool
. Step and repeat

Add coupons, identification (contacting)

. Artwork master

. Phototool

Raster Plotting Steps

SAE S

Design (CAD)
Panelization (CAM)
Photo plot

Artwork master

Phototool

Since all three methods of phototool generation were practiced at some point, and they have technology-specific problems or
anomalies, they were all covered in great detail in earlier troubleshooting guides and process effect handbooks. This document
only references manual phototool preparation and vector plotting; it does not discuss details of process-specific defects for these
two methods.

The key characteristics of films are:

* Speed class

* Spectral sensitivity

» Reproduction mode (positive- or negative-working)

* Processing chemistry

Film type (Ag or diazo)
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Figure 4-2 Negative vs. Positive Working Phototools

A - Negative-working phototools
B - Positive-working phototools

Ag and diazo films determine other characteristics listed below.
Diazo phototool characteristics:

* Transparency
¢ Scratch resistance

* Size holding

Ag phototool characteristics:
* Photo speed
* Versatility

For clarification, Figure 4-2 illustrates positive- and negative-working phototools. When abnormalities in feature sizes (too large
or too small) are described in the process effects tabulation, these features refer to the features on the negative- or positive-working
phototool; not the exposed photoresist.

For example, if an exposed area on a positive-working diazo phototool is described as too wide, it is likely to be a line that is
over-exposed resulting in a resist line that is too wide. Conversely, over-exposure of a negative-working Ag phototool will result
in resist lines that are too narrow.

Figure 4-3 Dimension Change in Polyester Phototools (Size Change During Drying)

A - Swelling

B - Percent size change
C - Shrinking

D - Percent RH

Figure 4-3 compares terms used in phototool processing and dry-film photoresist processing. Note that the term development has
different meanings in these different process sequences.

Refer to IPC-D-310 for complete information regarding photo tooling.
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4.2 General Process Effects (Common with Ag and Diazo Phototools)

4.2.1 Feature Size Dimensions Too Large (Larger than CAD Data)

CAUSE

ACTION

Scaling Data incorrect

Verify scaling data with the CAM Engineer

Phototool moisture content higher than normalized (equilibrated)
condition

Insufficient equilibration time after wet processing; storage
condition not normalized

Comply with recommended storage and equilibration time
recommendations

Phototool temperature higher than normalized (equilibrated)
condition

Insufficient equilibration time after processing; storage condition
not normalized; temperature build-up in exposure frame during
long runs

Comply with recommended storage and equilibration time
recommendations

Exposure unit may require improved cooling

Phototool was “over-dried” after wet processing
Hysteresis effect of size change due to humidity change

Empirically establish proper drying condition to regain desired
original phototool (feature) size

Potential test methods (discover)

Potential test method (verification)

Phototool moisture: Test RH of environment with electrical
hygrometer

Phototool temperature: Measure temperature of storage and
working environment

Phototool “over-dried”: Measure feature sizes at various points of
the drying (equilibration) process

Measurement of features

Results of test method used to confirm problem

4.2.2 Feature Size Dimensions Too Small (Smaller Than CAD Data)

CAUSE

ACTION

Phototool moisture contents lower than normalized (equilibrated)
condition

Storage condition not normalized

Comply with recommended storage and equilibration time
recommendations

Phototool temperature lower than normalized (equilibrated)
condition

Storage or work environment conditions not normalized

Comply with recommended storage and equilibration time
recommendations

Phototool was “under-dried” after wet processing

Hysteresis effect of size change due to humidity change (see Note
1 above)

Empirically establish proper drying condition to regain desired
original phototool (feature) size

Potential test methods (discover)

Potential test method (verification)

Phototool moisture: Test RH of environment with electrical
hygrometer

Phototool temperature: Measure temperature of storage and
working environment

Phototool “over-dried”: Measure feature sizes at various points of
the drying (equilibration) process

Results of test method used to confirm problem

A piece of film changes size during and following processing. During wet processing, the film grows in size as it takes on moisture,
eventually reaching 100% RH. Then, as the film dries and emits moisture, it again shrinks.

Hysteresis effects dictate that its final size depends on how severely the film has been dried. In the mildest case, where the
film is merely hung to dry in the room, it returns to its original humidity and is found to be undersized (point 2 on the graph
in Figure 4-3). If, however, the film is severely dried (i.e., to point 3 on the graph), its moisture content becomes quite low
and it again absorbs moisture as it equilibrates again to the humidity in the room. In doing so, it becomes larger than it
originally began.

By adjusting the dryer temperature (i.e., to dry to point 3a in Figure 3-3), conditions can be found that provide the right amount
of drying so, after second equilibration, the film returns to its original size. Under-drying produces consistently undersized film,
whereas over-drying produces consistently oversized film.
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4.3 Diazo Phototools Diazo film is used for the working phototool, in which the ability to see through the image to register
the phototool on the board is required. High-quality diazo phototools, when properly exposed and processed, should have the

following characteristics:
*D,, .« greater than 4.0 density
D, below 0.15 density in the UV portion of the spectrum

4.3.1 Over-Sized Exposed Features Across Entire Copy

CAUSE

ACTION

Incorrect exposure

Adjust exposure dose

Check for over-exposure using a 21-step tablet to determine
proper exposure time

Bad original

Inspect original for dull edges

Reflective surface being employed on back-up board causing light
bounce-back

Change back-up board or check that matte-black imaging board
is behind diazo film

Master and film not emulsion-to-emulsion during exposure and/or
poor vacuum contact

Check master and film for emulsion side
Place in contact emulsion-to-emulsion
Check that vacuum drawdown is complete

4.3.2 Over-Sized Exposed Features on Center of Copy

CAUSE

ACTION

Exposure equipment out of calibration

Check with radiometer for light intensity change from center to
edges of exposure unit

Film too large for the equipment used
UV light too close to film for size of film used

Use only exposure area that meets radiation intensity uniformity
specifications

Vacuum frame not functioning properly

Check vacuum parameters and setup

4.3.3 Poor Edge Sharpness (Blurred Images)

CAUSE

ACTION

Artwork has been used too many times

Check the condition of the artwork and replot if necessary

Master and film not emulsion-to-emulsion

Check master and film for emulsion side
Place in contact emulsion-to-emulsion

Bad original copy

Check for poor edges on original

Vacuum frame not functioning properly

Check that vacuum drawdown is complete
Check for out-of-contact print (will cause fuzzy or blurred edges)
Check vacuum for poor pressure and hose for pinholes

Reflective surface being employed on back-up board causing light
bounce-back

Change back-up board or check that matte black imaging board
is behind diazo film

Air pockets trapped between films during exposure

Check for dirt on image tray

Check for indentations or warping of black image board
behind film

Add “bleeder” strips to allow trapped air to escape
Try drawing down gradually or for a longer time

Potential test methods (discover)

Potential test method (verification)

Visual
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4.3.4 Image Gain: Background Discoloration in Clear Area — Uniform High Background (Clear Area) Density

CAUSE ACTION

Under-exposure Increase exposure time to burn out residual diazo
Use 21-step tablet

Film exposed to ammonia vapor prior to processing Remove storage of film away from possible ammonia
Film stored too close to ammonia contamination
If diazo master is being used, residual ammonia may remain Air-out prior to placing in contact with another piece of film
in film
Background of master is opaque to UV light Increase exposure time to permit passage of light through
High D,,, on master background of master
Replace master
Exposure to excessive heat prior to processing Keep film stored in cool, dry environment
Over-age film (shelf life exceeded) Obtain new product

4.3.5 Low D, (Inadequate Image Density) All the Time

Note: This can lead to partial exposure of resist in nonexposure areas, causing scrum.

CAUSE ACTION

Improper development Make corrections depending on findings

Check processor for poor development

Check ammonia supply and strength

Ascertain that it is at least 26 ° Baumé

Check film plane temperature; should register 60 °C to 71 °C
Ensure sufficient number of passes through processor

Incorrect exposure Make sure film is not over-exposed (check with radiometer)
Improper material or material handling Evaluate film to assure it is capable of 4.0 + UV density
Check unexposed area after processing through developer with
densitometer
Film exposed: Test paper is available to check yellow light
performance
Film exposed to white room light prior to processing Use yellow lights or yellow shields in the processing area
Yellow safe lights have deteriorated Replace yellow lights (or yellow sleeves over lights)
Master does not have adequate density in image area, causing Replace master
light to pass through and reducing diazo image density
Improper film cleaner Film cleaner may be reducing image
Check cloth for excessive yellow, which indicates coating is being
removed

Change to supplier recommended film cleaner

4.3.6 Low D,,, Some of the Time

Note: Occasionally one film will not block light after several exposures.

CAUSE ACTION

Incorrect development procedure Review development techniques of all employees handling films

Review when ammonia is turned off in developer and length of
time before film is passed through developer when it is turned on
again

Pass-through ammonia to achieve original color

Improper material storage Be sure no light has struck film

Equipment not functioning properly Check temperature of developer (should be 60 °C to 71 °C) at film
plane (not thermostat on developer)

Use of temperature tapes is best check
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4.3.7 Pinholes or Voids in Image

CAUSE ACTION

Pinholes in original artwork master Check original artwork for pinholes
Opagque (touch up) if necessary

Image second film to see if pinholes reproduce — identical position
indicates pinhole in original artwork

4.3.8 Specks in Clear Area of Film

CAUSE ACTION

Dust or particles on master or vacuum frame glass Clean exposure frame, film and original using antistatic film
cleaner or glass cleaner

Review clean room procedures for area

Image dots on clear areas of original artwork master Eradicate or physically remove from master
Increase exposure to burn through existing dots

4.3.9 Image Distortion

CAUSE ACTION

Environment — temperature and humidity Install and maintain temperature and humidity controls to meet the
film manufacturer’s recommendations

Lack of equilibration after processing Allow film to equilibrate for 10 minutes after development

Insufficient precondition of film Stabilize film for a minimum of eight hours on open shelving in

photo lab environment

Developing temperature too high Temperatures exceeding 77 °C can cause distortion; reduce
temperature if necessary

Insufficient equilibration after processing Expose film to room air for 15 minutes after processing

4.3.10 Straight Lines (Not Part of CAD Data) Showing on Processed Film

CAUSE ACTION
Usually caused by stripped or pasted-up masters Increase exposure time to burn through cut-lines
The edges of the paste-up cause distortion of the light Physically remove lines from first duplicate and use the corrected

duplicate to make another print

4.3.11 Random Yellow Spots in Image Area

CAUSE ACTION

If yellow spots appear after exposure onto photoresist, the cause | Check resist-laminated boards for loose resist chips, and then
is likely to be particles of resist adhering to phototool remove

Improper film cleaner Check film cleaner

Do not apply directly to film
Apply to cloth and clean film
Some cleaners will bleach film image

4.3.12 Ammonia Processor Not Developing Properly, Even with Correct Heating/Temperature

CAUSE ACTION

Too much exhaust Adjust exhaust
Exhaust fan too strong, drawing ammonia out of the developer

Blocked feed tubes to processor Have processor serviced
Feed tubes blocked, causing improper ammonia feed to chamber

Pump not operating properly Repair/Service pump
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4.3.13 Film Sticking in Processor

CAUSE ACTION

Processor too hot Adjust temperature to 60 °C to 71 °C on film plane using
temperature tapes

Dirty slip screen Remove and clean slip screen, if developer has one
Deposits on slip screen causing film to stick

4.4 Ag Halide Film (Master and Working Phototools, Laser Raster Plotted) Ag halide film is more versatile than diazo film. It can
be imaged directly on photoplotters. The generation of circuit patterns on Ag halide media by means of a scanning laser spot offers
unique benefits. Laser technology offers high-speed photoimaging, independent of circuit complexity. Step-and-repeat patterns
may be accomplished quickly with the same accuracy as the CAD database.

Most Ag halide films are negative working (they reverse the image tone). All Ag halide films must be processed (develop, fix, wash
and dry) after exposure. Ag halide photo plotted films are suitable for first-generation phototools and working phototools. High-
quality Ag halide films, when properly exposed and processed, should have the following characteristics:

* D, greater than 3.8 density UV

* D, below 0.10 density UV

* Sharp line edges, with minimal low-density fringe

* Fine line resolution to at least 25 um line/space

* Low pinhole levels

* Scratch-resistant structure

 Anti-static protection to resist dirt and dust attraction

* Good dimensional stability

4.4.1 Black Lines Too Wide (Clear Lines Too Narrow)

CAUSE ACTION

Scaling data incorrect Verify scaling data with the computer-aided manufacturing (CAM)
Engineer

Too much development Make corrections as needed

Developer temperature too high Verify correct developer conditions in processor

Developer diluted incorrectly
Development time too long

Over-exposure Consult with LDI equipment supplier
Exposure intensity too high

Potential test method (discover) Potential test method (verification)

Measurement of features

4.4.2 Clear Lines Too Wide (Black Lines Too Narrow)

CAUSE ACTION

Scaling data incorrect Verify scaling data with the CAM engineer

Too little development Make corrections as needed

Developer temperature too low Verify correct development conditions in processor

Developer diluted incorrectly
Development time too short
Insufficient developer replenishment

Under-exposure Consult LDI equipment supplier

Laser intensity has deteriorated

Insufficient developer replenishment Check replenishment settings on processor and proper mixing
Potential test method (discover) Potential test method (verification)

Measurement of features
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4.4.3 Low image density (D, ,, too low)

MAX

CAUSE

ACTION

Improper development and/or exposure

Too little development: temperature low, developer diluted
incorrectly, processing time too short or developer contaminated

Exposure intensity too low

Use recommended developer time and temperature and exposure
conditions

4.4.4 Clear Areas Not Clear Enough (D,,, Too High)

MIN

CAUSE

ACTION

Incorrect processor conditions and/or premature exposure to
white light

Too little fixing: fixer temperature too low, fixer diluted incorrectly
Too much development: developer temperature too high,
processing time too long, developer contaminated with
ammonia smell

Film improperly exposed to light: too much exposure to safelight,
exposed to white light

Adjust processer conditions as needed
Avoid white light exposure

4.4.5 Milky White Color in Clear Area

CAUSE

ACTION

Too little fixing

Temperature too low

Fixer diluted incorrectly

Too little fixer replenishment

Correct fixer conditions

4.4.6 Pinholes

CAUSE

ACTION

Pickoff in processing

Clean crossovers and racks in processor

Check processor for correct crossover and film guide alignment
Check wash tank for algae (bioslime)

Treat with biocide

Replace filters in processor recirculation, and in incoming

water line

Run tacky, roller transport clean-up sheets through processor, on
a daily basis

Flakes in fixer

Check electrolytic Ag recovery for proper operating amperage

4.4.7 Poor Line Edge Quality

CAUSE

ACTION

Under-developed

Follow manufacturer’s recommendation for development time,
temperature and developer concentration

Safelight fog

Check darkroom safelights

4.4.8 Black Speck Redeposit in Clear Area — Irregular Shape

CAUSE

ACTION

Ag and gel particles in solutions

Replace recirculation filters in processor

Run tacky roller transport clean-up sheets through processor on a
daily basis

Dirty or inadequate wash water/tank

Dump and clean wash tank and rack
Install clean filters on incoming water line

Dirt buildup on rollers

Clean racks and crossovers in processor
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4.4.9 Ag Pepper Spots in Clear Area — Round Shape

CAUSE

ACTION

Under-replenished developer

Ensure proper developer replenishment to processor

Overdeveloped film

Check developer time and temperature

Oxidized developer

Check recirculation pump on processor for proper operation

4.4.10 Yellow, Orange/Yellow or Brown Deposits in Clear Areas of Film

CAUSE

ACTION

Algae (bioslime) in wash tank

Clean wash tank
Treat water with biocide

Run tacky roller transport clean-up sheets through
processor, daily

Algae (bioslime) in blender replenishment unit

Clean water reservoir in blender with diluted household bleach

4.4.11 Powder Deposits on Film (Yellow or White)

CAUSE

ACTION

Sulfurized fixer

Check fixer tank for particulates
Check electrolytic Ag recovery unit for excessive plating amperage

Salts in wash water

Dump and replace recirculating wash water tank

4.4.12 Black line abrasion

CAUSE

ACTION

Entrance roller scratch

Check entrance rollers to processor for dirt, burrs or hesitation

Cassette feed scratch

Check film-cassette-loading mechanism for potential scratching

Rough handling

Ensure good film handling practices to avoid scratching prior
to processing

4.4.13 Streaking

CAUSE

ACTION

Under-exposure

Increase exposure

4.4.14 Image Not Sharp

CAUSE

ACTION

Vibration in equipment

Air-cushion equipment and maintain proper control environment

Improper processing (under-developed or over-developed)

Check processor settings

Incorrect exposure (under-exposure or over-exposure)

Check exposure setting

Damaged, misaligned or out of focus optics

Have plotter serviced

4.4.15 Lines Not Straight

CAUSE

ACTION

Plotter out of calibration

Check plotter calibration

Contamination problem

Check film and platen for foreign debris

Loss of vacuum

Check vacuum for proper hold-down
Check over entire vacuum system for leaks

Inadequate pattern resolution for line width(s)

Check plotting resolution
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4.4.16 Pinholes in Phototool

CAUSE ACTION

Dirt or dust particles in system Review cleanliness and maintenance procedures of environment
of plotter and processor

Establish procedures, if necessary

4.4.17 CAD Database Incompatible

CAUSE ACTION

Software problem Contact formatter of Gerber data

4.4.18 Long or Slow CAD Database Conversion

CAUSE ACTION

Inefficient CAD database (drawn features, stocked ground planes) | Verify data with the CAM Engineer and convert to polygon features

Inefficient CAD data base (drawn features, stroked ground planes) | Contact manufacturer for hardware/software tuning

Potential test method (discover) Potential test method (verification)

Time to plot and size of data Time to plot

4.4.19 Phototool Not Producing Clear Image

CAUSE ACTION

Fingerprints or dust on the phototool Clean phototool with appropriate film cleaning solution

4.5 Ag Halide Films — Protective Coatings Sometimes it is necessary to protect the working tool so it can be cleaned without
damage to corrections or the artwork itself, as well as to greatly increase its contact life. It is not necessary to use a protective
coating on hard-surface phototools.

There are liquid and film protective coatings. The liquid type is only usable on Ag films. Both types are highly transparent and must
be applied under very clean conditions to prevent the introduction of defects.

4.5.1 Finished, Laminated (Protective Coating) Artwork Film Curved or Bent

CAUSE ACTION

Excess tension or stress during lamination of protective coating Operation of the laminator should be accomplished with minimum
tension on all controls (laminate and release films)

4.5.2 Protective Coating Film Wrinkled or Shrunken

CAUSE ACTION

Excess tension or stress during lamination of protective coating Operation of the laminator should be accomplished with minimum
tension on all controls (laminate and release films)
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4.6 Glass — Ag Halide Ag halide emulsion-coated glass is designed to produce phototools where maximum dimensional stability
is desired. Insensitivity to RH makes glass an ideal substrate for extremely critical size applications.

Glass is much more stable than film, as a comparison of humidity and temperature coefficients will show:

¢ Glass has a zero humidity coefficient.

 Polyester film base (178 pm) has a humidity coefficient of 0.0008% per % RH.

* Glass has a thermal coefficient of 0.0008% per °C , as compared to 0.0018% per °C for polyester film, or about double that of

glass.

Glass is used to produce either first-generation phototools on flatbed photoplotters, or to produce second-generation phototools
in a contact frame when imaged from a film original. High-quality Ag halide glass plates, when properly exposed and processed,

should exhibit:
* D, above 4.0 density UV
* D, below 0.10 density UV

4.6.1 Line Width Incorrect (Over-Sized or Under-Sized)

CAUSE

ACTION

Incorrect exposure

Check for proper exposure settings on plotter or contact frame

Incorrect development time

Verify correct development time

Incorrect development temperature

Verify correct development temperature

Improper developer dilution

Ensure correct chemical mixing

Exhausted or unreplenished developer

Mix fresh developer, or add replenishment

Exposed through the base side

Ensure glass plates are exposed to emulsion side

Fall-off in exposure near edges of contact frame

Check exposing lamp for uniformity using a light meter

Expose and process plate with step tablets in center and around
the outer edges of the glass

Light source too close to glass for size of glass being used

Increase distance from lamp to glass

4.6.2 Low Image Density

CAUSE

ACTION

Incorrect exposure

Verify correct exposure is used

Incorrect development

Use recommended developer time and temperature

Incorrect development dilution

Ensure correct chemical mixing

Exhausted or unreplenished developer

Mix fresh developer or add replenishment

Exposed through the base side

Ensure glass is exposed to emulsion side on plotter

4.6.3 Pinholes

CAUSE

ACTION

Pick-off in processing

Avoid any contact with emulsion while wet
Handle glass only by its edges when tray-processing

Dirt or dust in exposing area

Vacuum as needed
Clean exposing frame, glass cover and film original
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4.6.4 Poor-Quality Line Edge

CAUSE

ACTION

Incorrect exposure

Check line width and plotter exposure

Incorrect development

Follow manufacturer’s recommendation for development, time,
temperature and developer concentration

Poor contact between film and glass

Check contact frame for adequate contact and vacuum drawdown

Safelight fog

Check darkroom safelights

Plotter out of focus

Check plotter focus

4.6.5 Uneven Density, Mottle or Streaks

CAUSE

ACTION

Nonuniform immersion into developer

Immerse glass plate into developer tray using one continuous
movement, without stopping or hesitating

Nonuniform immersion into fixer

Immerse glass plate into fixer tray using one continuous
movement, without stopping or hesitating

Poor agitation

Rock tray continuously throughout entire development time, using
front-to-back and side-to-side rocking motions

Poor stop-action of development

Add acid hardener to fixer solution

Use an acid stop bath between the developer and fixer processing
steps

A stop bath (5% acetic acid) will usually ensure good stop-action
of development and will minimize potential streaks or other
uneven continuation of development when going directly from
developer to fixer

Exhausted fixer

Mix fresh fixer

4.6.6 Specks or Deposits on Processed Glass Plate

CAUSE

ACTION

Crystals of fixer as a result of insufficient washing

Refix and rewash

White crystals, or frosty appearance, may not show up for
possibly weeks or months after processing

Hard water
Calcium or magnesium scales

May require water softener to supply fresh water

water)

Emulsion particles of gelatin and Ag (high-temperature wash

Use colder wash water, 18 °C to 21 °C

Warm water can cause gelatin to lift off the glass around
the edges

These gel particles can be redeposited back onto the
plate emulsion

4.7 Glass — Hard-Surface Image on Glass Hard-surface photomasks are noted for excellent dimensional stability and surface
durability. Types of hard-surface photo tools include chrome, iron oxide and silicon dioxide. Initial high costs are offset by longer

life expectancy.

4.7.1 Ragged Lines

CAUSE

ACTION

Resist lift

Metal surface not clean enough — use heavy-duty glass cleaner
It is best to apply resist immediately after metal deposition

Resist not properly developed

Develop resist according to manufacturer’s recommendations

Metal etching not complete; etchant spent
Phototool not etched long enough

Agitate phototool during etching to bring fresh solution
to surface
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4.7.2 Pinholes or Voids

CAUSE ACTION

Dust or particles in exposure area Clean exposure frame, glass and original

Bad original artwork master Check original artwork and touch up if necessary

Bad material Check fully exposed glass sheet for air bubbles or voids

4.8 LDI and Other Digital Imaging Technologies Suppliers of equipment and photoresist have described the advantages of digital
circuitization techniques. Since phototool generation and conditioning are omitted, there is the advantage of shorter lead time.
Small lots can be customized at no extra cost (i.e., with added date and lot number information). There may be an advantage in
fine-line imaging of surfaces with poor coplanarity because of the depth of focus of the laser beam. Perhaps the biggest advantage is
the ability to scale (e.g., change) the dimension of each individual exposure for best fit to reference points on an underlying pattern
of a multilayer structure. This is of particular value in solder mask LDI applications.

It is important to note not all processes using a laser light source are digital. Not all digital imaging technologies use lasers; some
use high-pressure mercury lamps. Nor do all digital image transfer technologies use photolithography (e.g., etch-resist pattern ink-
jetting). Lasers are not always used in photolithographic processes, whereby a photosensitive layer is structured. The laser may be
used to ablate dielectric material to form trenches do be filled with a conductive material to ablate a thin metal on dielectric to form
a conductive pattern, or to ablate immersion tin etch resist to form an etch-resist pattern.

A variety of lasers, emitting light at different wavelengths, have been in use. The 351.1 nm and 363.8 nm emission lines of an argon
ion laser have been used for resist polymerization. Other lasers have different emission lines: solid-state UV-Yttrium-Aluminum
Garnet (UV-YAGQ) lasers emit at 355 nm. The excimer XeF laser emits at 351 nm, and semiconductor diode lasers emit at 405 nm.
It is important to match the resist’s photo-response sensitivity wavelength range with the laser’s emission wavelength(s).

Key elements that can affect the imaging speed of an LDI unit include:
» Data storage and delivery

» Laser power

 Acoustic/optical modulation speed

* Scanning efficiency

* Polygon speed

 Platen movement

 Resist photo-speed

The following defects are unique to LDI.

4.8.1 Resist Image Has Irregular (Distorted) Areas

CAUSE ACTION

LDI machine is not located in a vibration-free working environment | Remove source of vibration or relocate equipment

Check LDI equipment for any defects in the built-in vibration
dampening devices

4.8.2 Evidence of Skipped Image Pixels, Rows

CAUSE ACTION
CAD data files and the LDI equipment must have matching units Make sure CAD data and LDI machine measuring units are
of measure the same

Translation of English Gerber file units into soft metric to match a
metric-based LDI machine can cause cumulative rounding errors,
eventually leading to skipped (omitted) pixels
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