
 

 

  
Abstract: The rapid growth of the electronics industry has 
spurred dramatic changes in the parts that make up 
electronic products and systems. Increases in speed, 
reductions in feature size and supply voltage, and changes in 
interconnection and packaging technologies are generating 
improved electronics parts. Changes are also being made to 
reduce costs and meet new environmental regulations. While 
changes have become more frequent in electronic products, 
electronics supply chains have become more complex. The 
number of captive part suppliers has decreased, and an 
increasing amount of product development is outsourced. As 
companies outsource more of their design and 
manufacturing functions and purchase components from the 
open market rather than captive sources, the amount of 
control that they have over part and process changes greatly 
diminishes. Left without the power to dictate how changes 
are implemented, companies must focus on how to track and 
analyze changes throughout the supply chain, carrying out 
statistical analysis for parts management to ensure that no 
changes are made that jeopardize product quality, 
reliability, or availability. This paper discusses how part 
changes are tracked and how part changes should be 
identified and managed by the customers of parts.  
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I.  THE CONCEPT OF CHANGE 

Change is commonly defined as an alteration to the 
part (product) process. Changes are made throughout the 
life cycle of a part. A major change is one that may affect 
the form, fit, or function of the part or adversely affect the 
quality or reliability of the part. Form is the visual 
appearance, including shape, color, marking, and surface 
finish, of the part, as specified by the supplier and/or 
customer. Fit is defined as the external dimensions and 
associated tolerances of the part, as specified by the 
supplier and/or customer. Function refers to the electrical, 
mechanical, thermal, and performance characteristics of 
the part, as specified by the supplier and/or customer. 

A minor change is one that does not affect the form, 
fit, function, quality, or reliability of the part. Change 
tracking and analysis should be integral processes in a 
parts selection and management program. Other processes 
within the parts selection and management program 
include supplier assessment [1] −[4], parts assessment [5] 
−[6], and obsolescence management [7] −[8].  

The types of changes that are made to parts, as well as 
the motivations for making changes, depend on many 
factors, including profits and legislative and compliance 
requirements. To increase profits, many companies, such 

as Apple, Samsung, Toyota, and Boeing, look for new 
functions, higher performance, and cost reductions. In 
many cases, the cost reductions are included in supplier 
purchase agreements or contracts and can be as much as 
20% or more per year. These market and contractual 
obligations place a tremendous burden on manufacturers 
to make changes in production processes and materials. 
At the same time, legislative and compliance issues can 
also lead to companies making changes in processes and 
materials. For example, the RoHS legislation [9] required 
that lead be removed from most electronic products. 

The typical electronics part can be considered to go 
through sequential phases of introduction, growth, 
maturity, decline, phase out and obsolescence. This life 
cycle is often described by a Gaussian curve when sales 
are plotted versus time [10].  

During the introduction stage, the changes in a part 
are mostly design improvements and manufacturing 
process adjustments. The part is continuously modified so 
that it can meet datasheet requirements, achieve economic 
yields, and meet reliability and quality requirements.  

During the growth and maturity stages, a part is in 
high-volume production. Feature enhancements may be 
made to maintain competitiveness and generate new 
interest in the part. Material, fabrication, and assembly 
and testing locations may change to reflect changing 
business needs and capacity. Changes to improve yields 
and minimize costs may be necessary to maintain 
competitiveness in the marketplace.  

During the decline stage of the part, sales levels start 
dropping, and manufacturers try to transition customers to 
newer parts and technologies. General technology 
improvements that affect performance, manufacturing, 
new customer requirements, and reliability are often 
addressed.  

Part phase out or discontinuance, usually occurs when 
the volume of sales for a part drops to the point where the 
part can no longer be profitably manufactured. However, 
it could also occur when a company transitions its 
facilities to a new manufacturing technology.    

After the part has been discontinued, it is in the 
obsolescence stage. Parts are no longer available for 
purchase, and companies must utilize previously 
purchased and stockpiled parts, obtain parts from an 
aftermarket source, find an equivalent substitute part, or 
redesign their products [8].  

For most part manufacturers, the change process starts 
with the submission of a proposal to an internal change 
control or engineering control board [11]. This board 
should be composed of people from all major divisions 
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within the company, including marketing, finance, 
manufacturing, product engineering, quality and 
reliability engineering. Any division within the company 
can propose a change to the board.  

Upon receipt of the change proposal, the board should 
classify the change according to a classification process, 
which determines how significantly the form, fit, or 
function of the part would be affected by the change. Part 
characterization and test results, purchase and contractual 
agreements with customers, and the number of parts 
affected by the change are some of the factors that should 
be considered. If the board determines that the benefits of 
the change outweigh the risks, the change can be 
approved. Changes are usually managed by the 
manufacturer’s change control board.  

Change classification systems and change control 
policies vary widely from one company to the next. Some 
companies have policies detailing the amount of analysis 
and testing that needs to be conducted to propose a 
change to a change control board. Some companies also 
have policies on how quickly changes are phased into 
production.    

II. CHANGE NOTIFICATION PATHS 

There are four major paths for the propagation of a 
Process-Chain-Network (PCN) from the part 
manufacturer to its customers along the supply chain. The 
choice of paths depends on the manufacturer and 
customers involved. Some manufacturers send out change 
notifications along multiple paths for maximum assurance 
that the message will reach its destinations.  

The major buyers from manufacturing companies like 
Intel and Samsung memory are usually distributors like 
Arrow Electronics, Inc. and ASI Corp.  Manufacturing 
companies prefer to sell to a distributor rather than to the 
customer directly. Typically, full service, industrial 
distributors make their name by providing superb, 
personal service to their customers.  In most cases, they 
work a small territory and are “local” to the companies 
they serve.  They usually offer 24/7 service and have 
emergency spare parts and consumables on hand.  Full 
service industrial distributors are in the business of 
developing relationships with their customers.  

For large customers who buy parts directly from the 
part manufacturer, direct notification to OEMs is the 
predominant notification method. This method may also 
be used for customers who have special notification 
requirements specified in contractual agreements.     

Since most customers buy their parts through 
distributors and not directly from manufacturers, 
notification through distributors is the most commonly 
used change notification path. Manufacturers have 
generally sent all of their PCNs to their distributors, who 
take on the responsibility for reviewing sales records and 
notifying their customers of part changes.  

OEMs that outsource manufacturing functions may 
receive some of their change notifications from their 
contract (assembly) manufacturers. In this case, the 

contract manufacturer receives a change notification from 
a part manufacturer or distributor, identifies the products 
that use the part, and passes that information on to the 
appropriate OEMs. OEMs may also receive notifications 
of assembly process changes on their products made 
directly by the contact manufacturers through the same 
line of communication. 

 Most large manufacturers maintain PCN websites that 
can be directly searched by the public. For example, 
Texas Instruments has a website that lists part change 
notifications for each part type, categorized by date of 
issue and change type and with an abstract summarizing 
each change [12]. Many manufacturers also have e-mail 
notification lists to which the general public can 
subscribe. 

Independent change notification services are also 
available, such as the web-based pcnalert.com. These 
services collect change information from a large number 
of part manufacturers and redistribute it to OEMs and 
other interested parties. One can search PCNs, view the 
PCN history for various part numbers, and set up an e-
mail alert based on specified filters. Information can be 
filtered against a bill of materials (BOM) or searched 
based on manufacturer or type of change (e.g., 
shipping/labeling, design change, discontinuance). GIDEP 
can be considered an independent notification service as 
well, but it is targeted to military system manufacturers. 

III. EXAMPLES OF COMMONLY MADE CHANGES 

Electronic parts generally have very short life cycles 
and undergo frequent change. Technology, packaging 
materials, and business environments are constantly 
evolving. New regulations, such as lead-free product 
initiatives, also bring about changes in electronic parts. 
The PCN databases of major part manufacturers were 
reviewed to determine what types of changes are most 
commonly made to semiconductor parts. Examples of 
common part and process changes, and the reasons they 
are made, are provided in the following sections.  

a. Wafer Fabrication Facilities Changes 

This change involves moving the manufacture of 
semiconductor wafers from one location to another. The 
change is often made in order to accommodate changing 
production volumes or to minimize costs [13]. In order to 
keep operating margins high, fabrication facilities need to 
be kept as close to full capacity as possible. These 
facilities may also be purchased or sold due to changing 
business needs, which can result in part changes or 
discontinuances. For example, when Texas Instruments 
closed its fabrication facility in Hatogaya, Japan, in late 
2000, many parts sourced from the facility were 
discontinued [14]. Introduction of new product lines can 
also lead to fabrication changes, as production locations 
of existing product lines are rearranged.  

b. Die Revisions 



 

 

Mask changes are defined as a layout modification on 
the die and are often a result of process changes. A mask 
change is often made to add new functionality to a device 
or improve performance, such as adding improved ESD 
protection circuitry [15]. It may also be made to allow for 
processes that increase throughput rates [16] and improve 
manufacturability [17]. Additionally, mask changes may 
be needed as a result of wafer fabrication facility changes, 
as a part must change to meet the capabilities and process 
flows of the wafer fabrication facility in which it is built 
[18]. 

Die shrinks are defined as the scaling down of a mask 
to produce a smaller die size. Die shrinks lead to higher 
manufacturer profits, as more dies can fit on a single 
wafer, and often lead to improved electrical performance 
due to the shorter on-die interconnect lengths. Since 
design rule changes are generally required to 
accommodate the reduction in size, PCNs are usually 
triggered. Microprocessor manufacturers such as Intel 
perform very frequent die shrinks. Having just finished 
converting all production to 0.25-µm technology, Intel 
moved rapidly to the next die shrink in 1999, converting 
virtually all of its production to 0.18-µm technology [19]. 
For convenience and cost savings, die shrinks may be 
performed simultaneously with mask changes [15]. 

c. Changes to Assembly Materials 

As a part moves from one assembly house to another, 
changes must sometimes be made to the part to adjust it to 
the process flow and capabilities of the new assembly 
house. For example, Texas Instruments changed the die 
attach and lead frame in their TO-220 package to match 
the process flow of one of their assembler and testers [20]. 
Changes may also be necessary in order to improve the 
reliability of parts if problems are encountered in the 
field. For example, Texas Instruments increased the solder 
ball size on their MicroStar Junior Ball Grid Array 
packages to improve solder joint and board-level 
reliability [21]. 

New resin materials, as well as new additives, are 
constantly being developed to lower costs, reduce 
moisture absorption, improve processability, and improve 
electrical and mechanical properties. Lower-stress and 
faster-flowing encapsulants are constantly being 
developed to improve device reliability and reduce costs, 
and are a necessity for some newer, smaller package 
styles such as ball grid arrays (BGAs) and chip scale 
packages (CSPs). Special encapsulants are even being 
developed that offer increased compatibility with the 
copper die metallization [22], which is starting to replace 
aluminum in some types of semiconductor parts. 

Many changes in assembly materials have also 
occurred as a result of the transition to lead-free 
technologies. Changes to parts include lead plating 
changes and soldering compatibility changes. For 
example, Texas Instruments issued a PCN in 2000 
offering NiPdAu lead finishes as a lead-free option on its 
parts, in addition to the NiPd lead-free option already 

offered [23]. Encapsulants must be developed that can 
tolerate the higher processing temperatures required to 
melt lead-free solders for attachment to circuits boards. 
Texas Instruments has also qualified new encapsulant 
materials for the conversion to lead-free manufacturing 
[24].   

d. Packing, Marking, and Shipping Changes 

Changes to the markings on a device and the packing 
materials used for shipping are frequently made. Although 
such changes do not impact part performance, they can 
wreak havoc on a customer’s receiving and manufacturing 
departments if proper advance accommodations are not 
made. Examples include changes between laser, ink, or 
paper device labeling [25]; changes to make labeling 
more legible or to improve traceability [26]; or changes to 
the number of devices packed in each reel or tray within a 
box [27]. 

Packing changes are also made for environmental 
reasons. Waste reduction and increased recycling are 
additional green efforts that are popular in industry. In 
order to promote reuse and recycling of the boxes used for 
shipping parts to customers, for example, Texas 
Instruments stopped placing its logo on boxes in 1999 
[28]. Moisture sensitivity labeling has also been 
increasingly applied to packing materials as the use of 
lead-free technologies has grown [29]. 

IV. SUMMARY AND CONSIDERATIONS 

Change is an inevitable aspect of part manufacturing. 
The development of new technologies and manufacturing 
processes, constantly changing business forces, and the 
emergence of new environmental regulations all 
necessitate change for a manufacturer to remain 
competitive. The manner in which a manufacturer 
manages change can have a large impact on economic 
success and customer satisfaction. Effective change 
notification requires manufacturers to communicate with 
their customers frequently and openly, so that a bond of 
understanding can develop. In addition to careful crafting 
of communications and management of business 
relationships, judgment calls are often made in change 
control. The complete effects of changes are often 
unknown, and the distinction between major and minor 
changes is often fuzzy. Change control is therefore not 
only a science, but also an art.  

For OEMs, change tracking is becoming increasingly 
complicated. As captive parts suppliers are divested, the 
amount of control OEMs have over the change control 
process has diminished. An increasing number of 
companies are also purchasing through distributors and 
contract manufacturers, increasing the number of paths 
for the flow of change notification information through 
the supply chain. OEMs must therefore take an active role 
in the change tracking process and establish contractual 
agreements with the manufacturers, distributors, and 
contract manufacturers from which they purchase parts to 
ensure that they receive the change notifications they 



 

 

need. Larger OEMs that have the benefit of being able to 
work directly with part manufacturers should clarify what 
types of changes result in notifications and make special 
arrangements to address any omissions from this list that 
may affect their products. A request to be included on 
advance notification lists allows the most advanced 
warning of impending changes to be received, often early 
enough so that feedback to the part manufacturer that may 
influence the implementation of the change can be 
provided. As there are various risks, government policies 
within different countries, and the attitude of OEMs also 
need to be taken care of so as to increase the effectiveness 
of change path notifications. Also there is need to 
standardize the change path notifications of different 
methods within organization. 
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