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ABSTRACT

AN ANALYSIS OF THE EFFECT OF TECHNOLOGY TRANSFER
METHODOLOGY ON MANUFACTURABILITY AND SUSTAINABILITY

by
Eric Sebastian Fears

Submitted to the Department of Electrical Engineering and Computer Science
and the Sloan School of Management
in partial fulfillment of the Requirements for the Degrees of

MASTER OF SCIENCE IN ELECTRICAL ENGINEERING AND COMPUTER SCIENCE
and

MASTER OF SCIENCE IN MANAGEMENT

Intel wishes to establish multiple factories to run a single process. Similar products
produced by the different factories must perform "identically”. To achieve this goal Intel
currently uses a technology transfer program in which the manufacturing facility copies the
development facility in all physical and process procedural respects unless there are
overwhelming physical, regulatory, or economic justifications to not do so. The reasoning
is: If the physical and process procedural aspects of the development facility are replicated
identically then the process output at the manufacturing facility should be identical to that of
the development facility. Intel has named this concept the Copy EXACTLY! program.

In this thesis I have presented a framework for the development and evaluation of
technology transfer programs and examined the Copy EXACTLY'! technology transfer
program within that context. I concluded that the Copy EXACTLY'! program compares
favorably with the theoretically ideal program but that Intel may benefit from a more
comprehensive design transfer package. Iidentified a trend in successive leamning curves
as Intel's manufacturing operations move from a less structured technology transfer
program into the Copy EXACTLY'! technology transfer regime. This trend indicates that
there is learning going on at Intel's manufacturing facilities, however, it does not prove that
the learning can be attributed to the Copy EXACTLY! program. I have also examined
some of the motivational/incentive policies at Intel and found that Intel may be able to
increase the alignment of it's employees.

Thesis Advisors
Lionel C. Kimerling, Professor of Material Science and Engineering

Charles H. Fine, Associate Professor of Management Science
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INTRODUCTION

Even though the practice of moving ideas, manufacturing processes and other forms of
technology from the Research and Development lab into a manufacturing facility has
existed almost as long as the concept of a separate Research and Development
organization, the term *“technology transfer” is relatively new. However, given the
exponentially increasing rate of technological advancement and the increasingly global
and diverse competition in the marketplace, the traditional ad hoc approach to technology
irAnsfer must be supplemented by a methodology that is systematic, reproducible and
based upon sound scientific and engineering principles. An appropriate paradigm for
technology transfer can eliminate wasteful duplication of effort between the development
organization and the manufacturing organization, encourage design for manufacturability
by providing an avenue for the necessary feedback of information from the
manufacturing organization to the development organization; influence the development
of more robust manufacturing processes by providing “real world” experience and
information to the research and development labs; reduce the number production start-up
problems thus reducing both the cost of a production line start-up and the time to bring a
product to market. An added benefit of a structured, scientifically based technology
transfer program is that variations in products and/or processes can be reduced as it is
possible to have multiple facilities running essentially identical processes. If used

properly, this benefit can promote shared learning across organization boundaries.

This thesis presents a study of the Copy EXACTLY! technology transfer program at
Intel Corporation. I will focus on the organizational challenges of technology transfer
and present a framework for analyzing the implementation of a technology transfer
program.

Technology transfer programs have the potential to radically alter the working interface

between the Research and Development organization and the Manufacturing
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INTRODUCTION

organization; they can also have tremendous impact on a company’s bottom line. Thus it
is important that executives, managers, engineers, scientists and technicians all be
involved in the design and implementation of the technology transfer program if it is to

be a corporate asset rather than a liability.
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CHAPTER 1: A Framework for Technology Transfer

1.1 What is Technology Transfer?

This thesis is generally about organizational learning and learning organization, broadly
about technology transfer programs and manufacturing firms, and specifically about the
Copy EXACTLY! process/product technology transfer program at the Intel Corporation.
If one wishes to evaluate something like a technology transfer program then one must
have a reference standard in mind while conducting that evaluation. But how does one

go about establishing that standard? It has been said that :

“You get what you measure.”

In this case it is more important to ask — “What are you looking for?” For it is the
answer to this question that will allow an organization to establish the short range and
long range goals that are appropriate to achieving the wished for results within the
framework of the broader organizational goals. Thus it is important that this work begin
with an examination of the various meanings attached to the concept of technology

transfer.

Each of the fields of human inquiry has to one extent or another a conception of how
technology transfer should be defined — that is each discipline has its own version as to
what constitutes technology transfer. It may be that one of these fields posses the correct

vision of technology transfer. It is more likely, however, that the concept of technology
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CHAPTER 1: A Framework for Technolggx Transfer

transfer that needs to be embraced by a true learning organization is a composite of these

discipline specific visions.

In Economics the definition of technology transter has focused more on the term
“transfer” and has teen analyzed by Vaitsos, who laments its inappropriateness for
transfer connotes the free, non commercial movement of something from one location or
possesscr to another. In fact, however, with technology, what is usually involved is a
“sale” of such wechnol>gy. For «his reason, the term “commercialization of technology™

has been argued to oe generally more appropriate.

Brooks’ generalized concept of technology transfer is useful to understand the

economist’s perspective:

“Technology transfer is the process by which science and technology are diffused
throughout human activity. Wherever systematic rational knowledge developed by
one group or institution is embodied in a way of doing things by other institutions or
groups, we have technology transfer. This can be either transfer from more basic
scientific knowledge into technology or adaptation of an existing technology to a
new use. Technology transfer differs from ordinary scientific information transter in
the fact that to be really transferred, it must be embodied in an actual operation of
some kind.”

From an anthropologist’s point of view, technology transfer takes its place in the context
of cultural evolution. Anthropologists argue that a technology is adopted when people or
groups find it desirable and possible to change what they are doing in ways that involve
particular uses of that technology. Such people and groups are the active, initiating
elements of the change in technical practices. Anthropologists are more interested in

studying the agents and objects of changes and its “‘spin-off” effects.
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1.1 What is Technolog_v Transfer?

The sociologic literature lacks the phrasc “transfer of technology.” Thus the issues
involved in technology transfer have been treated by sociologists through the study of
diffusion of innovation. Where the term “diffusion” is used to include both the planned
and the spontaneous spread of innovation. Sociologists argue that the probabilities of a
new alternative heing superior to previous practice are not exactly known by the
individual problem solvers. Thus, they are motivated to seek further information about
the innovaticn in order to cope with the uncertainty that it creates. So the diffusion of
innovation is defined as a social process by which an innovation is communicated

through certain channels over time among the members of social system.

In business and engineering activities, technology transfer is viewed in more specific
terms and is usually conceived as the transfer of specialized know-how, which may be
either patented or non patented from one enterprise to another. As Baranson defines it.
transmission of such knowledge enables the recipient enterprise to manufacture a
particular product or to provide a specific service. Other researchers define technology
transfer as the transfer of know-how. As distinct from the sale of machinery and
equipment which embodies technology, they argue that the transfer of technology. in
most cases, calls for a sustained relationship between two enterprises over a period ot
time, so that the receiving enterprise can reproduce the product with a desired level of
quality standards and cost efficiency. This relationship model of technology transfer 1s
consistent with the work of Contractor and Robinson. Chesnais argues that the transter of
technology implies the transfer to the recipient not only of the technical knowledge
needed to produce the product but also of the capacity to master, develop and later

produce autonomously the technology underlying such products.
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CHAPTER 1: A Framework for Technology Transfer

In order to better understand the broad nature of technology transfer, we need to first

solve its definition problems and to resolve confusion about technology transfer.

1.2 How does Technology Transfer Fit Into a World Class Manufacturing
Organization?

Technology transfer involves more than just technological or engineering dimensions.
With improved understanding of the multidimensional facets and the multidisciplinary
views of technology transfer, engineering and technology managers and/or policy makers
can better formulate strategy so as to transfer technology more effectively. Though
technology transfer, as a subject of study, has accumulated a vast body of research, our
knowledge about technology transfer is still fragmented, unsystematic, and single
perspective oriented. Consolidation, synthesis, and systematic analysis of the technology
transfer literature is of great importance for those individuals and organizations that wish

to be leaders in the coming decades.

Research without implementation is akin to good strategy without execution. In both
cases, the investment in developing new approaches to a problem is lost through a failure
to move the solutions from those who generate them to those who can use them. In the
past, transferring ideas and technology from the lab to engineering practice was carried
out largely on an ad hoc basis. However, with the accelerating pace of technological
development and the pressing issue of increasing competition on a glotal scale, this type
of approach will no longer suffice. The ability to rapidly move new products and
processes from development to practice, or to the marketplace, is generally recognized as
a key to improving a nation’s competitive position in the world. Management teams and
engineers have been slow to adapt to this need and must begin to recognize that the

practice of technology transfer is itself an integral part of their activities that directly
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1.2 How does Technologx Transfer Fit Into a World Class Manufacturins O:Ean

influences the effectiveness of many of their efforts. Technology-transter activities must

now be systematically planned and scientifically based in order to be successtul.

On the surtace, transferring technologies from researchers to practitioners would secem to
be a relatively straightforward task. However, the increasing complexity of new
technologies and the sheer size, scope, and multijurisdictional, multinational character of
many agencies or corporations requires a new approach. Engineers must now recognize
the need to plan their “delivery” mechanisms in order to deal with this complexity. They
must recognize who is to be served -- and this may include people of varying technical
training and backgrounds. The magnitude of change presented by a new technology also
will influence the program used for its introduction, as will the increasing trend toward

multidisciplinary solutions to today’s problems.

The process of developing technology transfer programs and strategies can and must
proceed in parallel with the development programs they are destined to support. The
products will affect not only engineering design practitioners, but also contractors,

material suppliers, and of course, the broad-user community.

This hierarchy of systems generates a hierarchy of technology transter needs. This means
that implementing the findings of the development program will involve many steps,
diverse types of programs, and substantial cost. Programs to accomplish this purpose
must be tightly focused and must direct their actions so that the right information is
provided to the right people at the right time. These same principles apply to

implementing the products of both large and small development programs.
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CHAPTER 1: A Framework for Techniology Transfer

Sections 1.3 and 1.4 explore the design of technology transfer programs. Although
developed in the context of semiconductor microprocessor manufacturing technology, it
applies to other areas as well. It begins with a discussion of the mythology that has
grown up around technology-transfer programs and that now often impedes the
successful implementation of new technologies. From this, a general framework for
technology transfer program planning is developed and a set of specific guidelines for the
design of such activities is also presented. The thesis also includes a brief discussion of
some new enabling technologies that will facilitate the implementation of these programs

in the future.

Technology transfer allows the manutfacturing engineer to focus on process improvement:
Copy EXACTLY'! specifies that the destination manufacturing site should duplicate as
closely as possible the process {including equipment, materials, etc.} that is running at
the originating site. Theoretically this allows the destination site to reach targeted
production volumes, quality levels, and rcliability levels with fewer problems than
traditional methodologies. Thus the ramp time is shorter due to fewer problem solving
iterations and plant/line shut downs, freeing up time for the technician and engineers and
managers. This time can be used by either group to investigate and evaluate process

improvement opportunities, additional market opportunities, etc.

Under Copy EXACTLY!, the manufacturing process must be analyzed and understood at

a depth the average development or manufacturing group has never dared do.

1.3 What are the Obstacles to Effective Technology Transfer?

Technology transfer is a recognized and vital part of bringing any product to market.

Why is it that so few companies do it well? Having now experienced technology transfer
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1.3 What are the Qbstacles to Effective Technoloq Transfer?

programs from the perspectives of research engineer, development engineer, and
management, [ believe that the barriers to designing and implementing an effective

technology transter program can he summarized by the following myths.

Myth One: Any Transfer Technology is Better than None

This myth is most frequently invoked by those concerned by the time and costs
involved in providing an adequate program of activities for implementing a new
technology. At the best, however, such an approach results in programs that work
only by accident. In most cases, the marginal technology transfer program can result
in marginal use of the new technology. In many cases, a new technology, poorly
introduced and justified dies on the operating table of technology transfer. In other
cases the company loses due to loss of productivity

1. of the engineers and technicians who try to implement a poorly

understood or poorly designed process, and
2. of managers who try to avoid blame, fix blame and assuage customers,

shareholders, and *“Wall Street”.

Myth Two: The Post research Myth
Under this philosophy, technology transter programs are only undertaken after a
research program is over. Knowledgeable researchers , however, know that, like any
product, practical research must be targeted to the requirements of the users for
which it is destined. There is no better way to kill a new technology than to present
it as a fait accompli to its potential users without having ever consulted or involved
them in the development process. Having a technology transfer program that allows

the users to provide input into the research-and-design process helps them to “buy
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in” to the process and inevitably results in a smoother, more cost-eftective, and

timely implementation process.

Myth Three: The Segregation Myth
This myth postulates that technology transfer programs are separate from the
continuing process of technology development. Following this philosophy cuts the
feedback loop between the users of technology and the developers of technology,
thus slowing both the research and development process and subsequent technology
transfer activities not to mention the downstream manufacturing processes.. For an
agency or institution to make the best use of its research and implementation
resources, permanent structures must be in place to allow feedback and interaction

between researchers and technology users.

Myth Four: The Indispensable-Researcher Myth
Researchers are not good at everything. Many are not good at all at communications
or at the types of activities that are required to allow potential users of a technology
to develop the understanding required to use it on a daily basis. In spite of this fact,
many agencies still use their researchers to head the technical aspects of Technology
transfer programs. There is little doubt that when researchers communicate well they
can be a real asset to a technology-transfer program. However, where they do not,
they can delay and even temporarily halt a new technology. Good Technology
transfer programs employ the best communications, training, and teaching strategics
available. They exploit researchers in a support role, highlighting their contributions
but using them sparingly and at key points in the program where others have ncither

the technical authority nor the capability to carry such a role.



1.3 What are the Obstacles to Effective Technology Transfer?

Corollary to Myth Four: The Indispensable-Manager Myth
Likewise managers are not good at everything. Many are not good at all at assessing
the underlying benefits of a technology or at distinguishing the difference between
aliernative technological choices. These persons can also be an asset to a technology
transfer program when they understand their limitations and the implications of the
decisions that they make. These managers, with neither the technical authority nor
the capability to carry out such a role should always seek out a knowledgeable
engineer or technician before making a decision on a specific technology transfer

program.

Myth Five: Bigger is Better
The effectiveness of a technology-transfer program is not proportional to its cost.
While there is a relationship between the quality of a program and its cost, the most
effective activities are concentrated on targeting program elements to the specific
audiences that must be addressed, with the most appropriate tools at hand. This is
not always the most expensive or most spectacular way to do things. But it is the

most effective. Focus is everything.

Myth Six: The Single-Element Program Myth
This corollary to myth one generally sees technology transfer as an activity that can
be carried out using a single tool. Reports, executive summaries, and workshops or
seminars are the most popular tools chosen for the purpose. These vehicles are
chosen because they are tamiliar, easy to organize, and generally require little or no
specialized expertise to put together. Most commonly, invocation of this myth in

practice results in a program that misses its intended target altogether. The market
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CHAPTER 1: A Framework for Technology Transfer

for technologies is always segmented, and each segment has specific necds.

Effective Technology transfer activities gear their program design to this fact.

Myth Seven: The Passive Delivery Myth
Also known as the classroom technique, the passive delivery philosophy of
technology transfer places potential users in a passive learning situation, where the
main vehicle for transferring the information is by lectures. This technique is
inefficient as a technology-transfer mechanism, but excellent for curing insomnia in
potential technology users. The old saying learn by doing has a sound basis in fact.
Educators ana trainers long ago learned the value of involving the student in the
educational process in an active way. Experiments, computer simulation, active fticld
demonstrations, and many other means exist to move information effectively to
target audiences. The written word, while always necessary as a reference document,

should not be relied upon as the primary vehicle for technology transfer.

1.4  Tools for Technology Transfer

Overcoming the current mythology of Technology transfer programs requires looking at
the problem of implementing new technologies from a different standpoint. The
development and implementation of nuclear energy provides a good example of the
complexity involved in moving a technology into active use in a society. It is not only
the engineers who will run the generating station that must be educated but informed
policy choices must be made by those responsible for the implementation decision. In
addition, electricity users concerned with costs, reliability of service, and more broadly
based societal interests who may be affected by environmental or safety issues must also
be made aware of the impacts of the generating technology. Finally, all of these factors

must be addressed prior to implementation of the technology. In other words, the
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14 Tools for Technology Transfer

technology-transfer program related to such an issue must take place at different times
and address information needs that vary by the interests and requirements of the target

group. A simple one-shot program will not do the job.

——— — — — —| NEW TECHNOLOGY [ T2

l

IMPLEMENTATION DECISION

l

IMPLEMENTATION

'

y '
OTHERS [ 72 PRACTITIONERS [ T2

y

Figure 1.4.1: Technology Transfer : When to Do it

Figure 1.4.1 illustrates this problem. It shows the stages typical to the implementation of
a technology and the times at which some form of technology transfer action is required.
Strategic planning of technology transfer programs must begin when specific research is
undertaken, or at least while the program is still under way. Once research is complete
and a technology is available, those responsible for deciding whether to incorporate the
technology into current practice must receive the information they require. Often, this
information will take various forms and address both technical and policy issues Once

implementation has been decided upon, practitioners who will use the technology and
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CHAPTER 1: A Framework for Technology Transfer

other groups affected by it must be informed and educated in order to ensure successful
adoption of the product of the research. These principles apply whether the research
program is large or small. Failure in implementing research findings can most often be

related to the absence of adequate Technology transfer measures at one of these stages.

Technology Transfer Planning Framework

Fig. 1.4.2 incorporates the aforementioned principles into a conceptual planning
framework for technology transfer programs. In this framework, the stepwise nature and
variable information needs of technology transter activities are borne in mind, and the
planning of the program moves from a strategic level through to the specific selection and
design of its tactical components by considering four primary factors: (1) Planning
factors; (2) sector impacts; (3) technology level; and (4) discipline considerations.
Considering these four factors helps identify the specific stages at which various clements
of the program are required. It also assists in the design of these elements to serve the
specific information needs of the target groups, both in terms of technical content and
appropriate delivery vehicle. The four factors are described briefly in the following

paragraphs.

Planning Factors

Planning of the program focuses on strategic considerations. It is at this level that the
overall shape of the program is set out. Candidate times at which various technology
transfer activities are required are enumerated. Potential impacts of the new technology.
and target groups with interests in these effects, are identified. These strategic
considerations are used as input to the other three stages of development of the
technology-transfer program. In a sense, this stage is analogous to a technology markct

study.
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Planning Implementation
Factors Decision
Factors 'T'echnology
Technology —— Transfer
Program
.

Practitioner 1

- - — — — — Feedback - — -

Figure 1.4.2: Technology Transfer Framework

Technology
Level

Sector Impacts

Implementing new technologies has impacts far broader than just at the practitioner level.
In the semiconductor process/product technology domain, for instance, OEM and internal
customers are obvious target groups. However, within those groups are senior managers,
lead engineers, middle-level management, designers, and technical support staff. Each of
these groups has different information requirements that must be considered. For cach.
the delivery mechanism may be quite different. Nonetheless, all of these groups will he

involved in the implementation process.

Linked to the policies of the owning or operating agency, however, are other target
groups with interests in the implementation of new semiconductor process/product
technology. Consultants, contractors, material suppliers, and marketing are good

examples. In addition, user groups, including scientific and engineering computer users,
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business computer users, and others, also have a vested interest in the impacts of new
semiconductor process/product technology — but their interests and information needs
are substantially different. Each must be considered in the design of the technology

transfer program

Techn Lev

Moving people away from the comfort zone generated by known processes and
technologies necessarily involves overcoming fears and vested interests of all sorts.
Sound arguments must be put forth to justify changing technologies; those arguments
must be cogent, clear, and appropriate to the interests of the target group. In a sense, the
technology transfer program is the “‘grease” that allows the push for innovation to

overcome the inertia of rest.

The amount and type of grease will depend to a great degree on the quantum of change
the new technology introduces. Generally speaking, the greater the change, the greater
the level of effort required to introduce the change successfully and the broader the range
of target groups to be considered. In the context of this framework, technologics are
classed into three general categories: evolutionary, innovative, and revolutionary. Each
of these categories represents an additional step in the departure of the new

semiconductor process/product technology from the status quo.

Evolutionary changes generally build on existing technologies, use familiar terms and
familiar applications, and can be introduced within existing policy and specification
boundaries. The range of target groups usually is restricted and the type of program can
be specifically directed to their technical needs. Process improvement activities are the

most common class of this kind of technological change within the scope of
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semiconductor process/product technology. Innovative changes often introduce new
equipment or processes and may carry with them specification changes or policy
implications that must be addressed by higher administrative levels within an agency,.
They also usually imply some significant impacts on outside interests, including
contractors, suppliers, OEMs, etc. The range of target groups thus broadens
considerably, as do the types of candidate technology transfer measures that might be
combined in such programs. New process/product generations are the most common
class of this kind of technological change within the scope of semiconductor
process/product technology. Revolutionary technologies do not often occur. When they
do, they represent major departures from current practice and often carry with them
substantive benefits. Consequent technology transfer programs are usually highly

complex and costly.

Discipline Factor:

Engineering and management are becoming increasingly complex and more and more
often invoke the use of professions and disciplines that have not traditionally been
associated with semiconductor technologies. While economics and chemistry (materials
etc.) are two obvious examples that have been present for some time, other domains such
as environmental sciences, system dynamics, and cognitive sciences (artificial
intelligence and expert systems) are now also playing significant roles in various aspects
of semiconductor engineering. Introducing new technologies that draw on these domains
and that may be unfamiliar to many practicing production personnel has significant

implications for the design of any associated technology transfer programs.
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Using the Framework

Technology transfer programs must begin at the early stages of a development effort. All
of the four key factors must be examined in order to determine what activities must be
done, when they should be done, and how they should be carried out. In addition, the
feedback loop incorporated into the process provides the impetus for new research and
also gives users the opportunity to help define what such research should be. This last

process inevitably paves the way for even smoother technology transfers in the future.

42
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2.1  Description of Copy EXACTLY!

Once a process technology is developed and proven at the Technology Development
(TD) center it is proliferated to the chosen manufacturing sites. Due to the increasing
cost and complexity of stzie of the art process technology, Intel believes that the quickest,
most efficient, rredictable and reliable method available to bring a new Fab on line is to
copy the originating Fab in most every detail. This paradigm of technology transfer to
establish a process (manufacturing) technology at a facility is called the Copy
EXACTLY! program. The principle ideals of Copy EXACTLY'! are very simple and
straightforward:

1. Copy everything exactly from the originating site unless physically
impossible to do so, impractical or there are overwhelming economic or

competitive reasons not to copy.

2. Every exception {item not copied exactly) requires a review and approval
process {white paper and PCCB}

3. All member Fabs muyst work together to improve the process and systems
before and after the transfer.

These three simple principals, however, are much harder to implement, in the real world,
than they are to state on paper. In practice the Copy EXACTLY! program does have a
broad but limited scope — the areas that are covered by the program are :
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- PR generation through process qualification for equipment

- Equipiment configuration and hookup

- Facilities sysiems at point of use

- Process related materials {i.e. ion beam targets, raw silicon waters, etc.}
- Metrology

- Cleanroom performance

- Process recipes

- PM and Operating procedures

- Process monitors

Areas that will not, at least initially, be covered by Copy EXACTLY'! include:

- CIM issues

- Manufacturing systems { AMHS, etc.}
- Organizational structures

- Data analysis tools

- Strategic differences {i.e. Fab size, Fab location, etc.}

Copy EXACTLY! also establishes process wide {as opposed to Fab specific} procedures
for the approval and/or escalation of technical and tactical issues

This set of actions and priorities were established as a means of achieving the goals of the

technolcgy transfer program which are:

1. To reduce risks in process transfer

“



2.1 Description of Copy EXACTLY!

To produce equivalent yield levels at all sites for a given process
To promote shared learning among the member Fabs

To reduce the time and effort required to ramp a Fab into full production

LA S

To produce chips that perform identically across all Fabs running the same
process technology

6. To create synergy between the member Fabs.

As an aid to achieving these goals, many functional, cross function and inter facility
teams were established. It is through these teams that technical and business issues are
uncovered, researched, studied, discussed and resolved or elevated to a higher team or
authority. Most, if not all, of these teams have representatives from each of the Fabs that

are currently running or will be running a given process technology.

The Copy EXACTLY! program addresses four hierarchical levels of dependence in
copying a process technology from one site to the next (See Figure 2.1.1). Level one is
the Physical Impacts to a process such as Equipment Installation and Hookup, Recipe
parameters, Clean room procedures, etc. These items are about as basic as one can get at
the macroscopic level. It is believed that unless the basic material inputs, construction,
layout and operating procedures are the same as the originating Fab, there is small
chance, if any, of matching any of the remaining levels or achieving statistically identical
outputs. Moreover, there would be no synergy or shared learning among the different
Fabs should this level of matching not be achieved. The second level of matching is
termed Process Step/Equipment and covers such items as etch notes, deposition notes,
film composition, etc. This level of matching is needed to ensure that individual process
steps are matched as closely as possible. The major advantage achieved here is that Fabs

may assist one another with problem solving and continuous improvement as they are
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running processes that are identical except for well documented and approved
differences. The third level of matching covers the physical and electrical characteristics
of the final preduct. This level is termed the Module Level and is the point in Copy
EXACTLY! where the concern for match focuses more acutely on the final product than
on the process and equipment. This is the first level at which one can determine if the
previous two matching levels are indeed achieving the desired results. The final level of
matching concerns such issues are yield, reliability, electrical performance of the product,
etc. This level, the product level, is where the payoff of the previous three levels of
matching is achieved in the marketplace.

Product

Module

Equipment/
Process Step

Physical
Inputs

Figure 2.1.1: The Copy EXACTLY! Pyramid



2.1 Description of Copy EXACTLY!

As a result of the matching that occurs under Copy EXACTLY!, it should be possible to:

1. Implement fairly aggressive Fab start-up schedules

2. Implement fairly aggressive yield ramps

3. Minimize customer certification requirements by establishing a virtual
factory

4. Adjust Fab-loading without the need for customer qualification or

notification

2.2  Who Leads the Technology Transfer Program?

The vision of fully-implemented Copy EXACTLY'! in a manufacturing organization is an
attractive one: process technology transfers result in factory startups that are relatively
fast with yields that are equivalent to those of the originating factory, cross factory
learning is promoted due to the synergy created by having several “Fabs” all running
“identical” processes and the output from the Fabs are statistically indistinguishable. The

role of the manufacturing engineer, in this vision, is:

1. to ensure that the process is copied exactly;

2. to ensure that the process is stable and running; and

3. to continuously improve the process under the supervision of the Process
change control board (PCCB).

But how does Initel assure that these corporate wide goals are being met by its various
technology development and manufacturing operations around the world? How can the

top managers be assured thai Intel is indeed moving toward its future?
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The success of Copy EXACTLY! depends on the involvement and commitment of
people at all levels within the organization. From managers to engineers to technicians.
The skills needed at each level are neither extraordinary nor difficult to acquire but they
do require a diligence in application that has rarely been seen outside the military
services. It is incumbent on every manager, engineer and technician to constantly and

continually evaluate and direct his daily actions in accordance with the principles of the

Copy EXACTLY! program.

In order to foster the dissemination of Copy EXACTLY!; to ensure a common vision of
Copy EXACTLY! among “sister” Fabs; to facilitate organizational learning and to ensure
that all “sister”” Fabs are running identical processes, Intel has instituted hierarchical
teams at the several levels of organization within a Fab and between Fabs as well as
implementing cross-functional teams. At the operational level, these teams are used as
technical forums in which issues of a technological or process procedural nature are aired
and decided upon. The technical forums are useful for identifying deficiencies in process
technology across sites; determining risk and making recommendations on how such
issues should be resolved. The final arbiter, however, is the Process Change control

Board (PCCB) which has ultimate authority on any issue that affects wafer processing.

This team based approach has many advantages. The intraorganizational learning
between Fabs is greatly increased due to team members from the different Fabs engaging
in discussion, fact finding and problem solving. The use of cross Fab teams also avoids
duplication of effort - as each Fab does not have to function in isolation. Designed
experiments can be distributed among the various “teamed” Fabs in order to improve the

speed and quality of process improvement.



2.2 Who Leads the Technolog! Transfer Program?

Finally, the PCCB {a team consisting of representatives from each of the member Fabs)

can ensure that each of the member Fabs are running identical processes; are converging
to the established standard process technology or have a well documented and necessary

difference from the established standard process.

This team approach is a necessary but not sufficient condition for the proper and efficient
deployment and utilization of Copy EXACTLY! Without local representation, it would
be very difficult for a board of engineers, managers and technicians to establish
controlled standards for a process technology throughout a company’s manufacturing
organization and to coordinate each of the individual member Fabs so that they are

running identical or nearly identical processes.

2.3  Who Maintains the Rules for Copy EXACTLY! ?

Much of the recent literature on manufacturing management has focused attention on the
paradigms of Total Quality Management and Total Preventative Maintenance (TQM and
TPM respectively). Under these pair of paradigms, production workers {technicians)
have responsibility for Statistical Process Control, product and/or process improvement,
and equipment maintenance. The arguments for this arrangement are based on the belief
that the production worker is the individual that is first to see a problem is the person
most familiar with the process equipment and is the person that must constantly live with
the manufacturing process and equipment. The use of TQM and TPM allows the
production worker greater freedom in and control over the manufacturing process, this
can in turn instill in the production worker a greater sense of pride of workmanship and

responsibility for the quality of the output.
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It is these same guiding principles that must be used in the management of Copy
EXACTLY! However, instead of just empowering the production worker, the whole
workforce must be empowered. It is the technicians who are best able to recommend the
“best practices” methods for workspace layout, PM procedures and work flow. Itis the
Engineers {production, process, equipment, development, design}, however, who are best
qualified to determine optimal process operating characteristics, equipment layout, PM
schedules and process flow. While it is the managers function to determine fiscal and
temporal budgeting constraints, work priorities and to set the incentive systems in place.
Each of these must have had their input into the establishment and implementation of the
Fab, and ultimately the Copy EXACTLY!, operating policy. Without timely, thoughtful
input from each of these groups, the probability of success in running a Fab at all, least
considering operations under Copy EXACTLY!, would be burdensome, slow moving,
quirky and unreliable.

The need to have the three levels involved in the policy making process does not imply
that each group has equal control or authority to act, but rather highlights the need for
multlevel, functional and cross-functional teams. It is through the teams that issues are
discovered, studied, discussed and resolved. It is these teams which provide for the
integration and implementation of the various technical, managcrial,. operational and

regulatory concerns at each level within the member factories and functions.

2.4  Discussion of Copy EXACTLY! Strengths and Weaknesses

While at the Intel Corporation, I conducted interviews with managers and engineers {see
Appendix A}. Ialso administered two surveys {see Appendices B & C}. The interviews
were used to narrow the scope of my research to the Copy EXACTLY! program in

general and to specific problems associated with the implementation of the program.
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After specific problems were identified, the first survey was used as a screening
instrument to determine the major areas of strengths and weaknesses associated with the
Copy EXACTLY! program. This instrument provided the basis for the second survey.
The second survey was used to quantify specific issues associated with the strong/weak

areas identified from the first survey, in order to determine the high leverage points in the

Copy EXACTLY! technology transfer paradigm.

The largest problem with the Copy EXACTLY! program is that no one knows what
essential to be copy, what is nice to copy and what is a waste of resources to copy. Itis
here that the program falls to Myth 5: Bigger is better. Copy EXACTLY! has evolved
over the years to a program that encompasses nearly the entire Fab from building design
and construction down to which direction you wipe a swab when cleaning a tool to exact
placement of circuit breakers and fuses. It is noteworthy that this has not gone unnoticed
by some at Intel, and they are beginning to think that the program has gone too far in
scope while others believe just the opposite — thinking that if only every minute aspect
of the process could be copied, including gowning procedures, badging procedures,
atmospheric pressure, etc. then it would give one greater confidence in achieving

identical outputs from different Fabs.

Related to this problem is that skeptics and critics of the program feel that the time and
cost associated with implementing the program and its use of technical resources are
unwarranted (Myth One) while at the same time the benefits obtained from the program
unmeasurable. These skeptics and critics usually support a technology transfer program
that is less comprehensive and costly than Copy EXACTLY! These critics are usually
silenced by being told that they need to become "team players” by others who believe in

the program . Yet no one knows what the overall net cost of the program is nor the net
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benefits obtained as a result of the use of the program. There has been no attempt at
critical examination of the program — just the use of anecdotal evidence that things have

gone wrong in the past when Copy EXACTLY! was not followed.

The Copy EXACTLY! program does effectively deal with the Indispensable Researcher
Myth {Myth #4}and its corollary in that no single person is the key rescurce in the
technology transfer methodology nor is anyone perceived to be such. The problem with
this situation is the difficulty that one fac :s in trying to define the scope of the program or
in resolving issues of conflict and deviation. Discovering who is correct should two or
more persons involved in the technology transfer disagree can take many weeks or
months. Likewise, obtaining approval for a deviation can take an unduly large amount of

time and effort in finding the proper authority and awaiting their decision.

The Copy EXACTLY! program also effectively side steps the issues of Myths Six and
Seven. The program cannot even by the wilde * .tretch of the imagination be viewed as a
single element technology transfer program. The information, knowledge and expertise
that is transferred from one site to the next is accomplished through a variety of means.
Teams of engineers representing all sites involved in the transfer meet to discuss
technical and implementation issues. Engineers and manufacturing technicians from the
receiving site participate in walk through and inspections of the donating site. Engineers,
manufacturing technicians and managers from the donating site complete auditing
inspections of the receiving site. There are teams of managers and engineers who give

presentations on Copy EXACTLY'! and the list goes on.

The Copy EXACTLY! program is an ideal demonstration of how Myth Two can be
avoided. Under the concept of this program the transfer of the technology begins well
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before the end of the development program. Engineers, technicians and managers form
the receiving site are brought into the donating site to be trained on the process and
equipment that will be used for the manufacturing process. These individuals are also
charged with the additional responsibility to learn as much as possible about equipment

hookup, preventative maintenance procedures, etc.

The Copy EXACTLY! program also attempts to integrate process improvement into the
technology transfer framework at Intel by tying the sister Fabs together for the life of the
process technology within that Fab. It is under these circumstances that any process

improvement to be made at one of the sister Fabs must be approved and implemented by

all of the remaining Fabs unless there is explicit approval for a deviation by the PCCB.

Everyone agrees that incentives and perception of the incentives for an organization must
be aligned to the organizational goals. But as figures 3.2.1 - 3.2.6 show, the
manufacturing organization at Intel has some significant misalignment in perception of
incentives both internally and when comparing themselves with technology

development..

Figures 2.4.1-2.4.5 show summary charts of the data collected in Question 1 of Survey B
(see Appendix B). There are two surprising conclusions that can be drawn from these
data. The first thing that one may notice is the fact that the perception of rewards
allocated for certain actions is not consistent across the manufacturing organization. As
an example from figure 2.4.1, it can be seen that 36% of the people surveyed believe that
personal continuous learning is a factor that is considered when promotion decisions are
made. This is a problem no matter how you look at it. One must ask why so many

people are getting the wrong message? If personal continuous learning is an important
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factor in promotions, why does only 36% of the workforce recognize that fact? On the
other hand, if personal continuous learning is pot an important factor in promotions, why

does 36% of the workforce perceive that it is?
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Figure 2.4.1: Percentage of people stating that a certain action was important in obtaining a promotion
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Figure 2.4.2: Percentage of people stating that a certain action was important in obtaining a salary increase
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Figure .2.4.3: Percentage of people stating that a certain action was important in obtaining special
recognition
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Figure 2.4.4: Percentage of people stating that a certain action was important in obtaining professional
recognition inside of Intel
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Figure 2.4.5: Percentage of people stating that a certain action was important in obtaining professional

recognition outside of Intel

Figures 2.4.6 and 2.4.7 show the aggregate potential reward that it is perceived that an
individual may receive for engaging in a particular action. It is important to decide
whether the differences that are noted between the perceived reward potential of these
actions is actually the priority that senior level management at Intel desires. Another
important consideration in this regard is the perception that manufacturing has with
respect to the difference between how manufacturing is rewarded and how development
is rewarded. The comparison of these two figures demonstrate that not only is there a
significant difference in the perceived reward potential between manufacturing and
development for an action but also that the distribution of specific rewards for an action is

significantly different.
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Figure 2.4.6: Perception of total reward potential of a certain action (evaluated for self)

111}
11111
[T H
-
11111
-
111
1111
v v v v v
o @© © * N O @ © - N O
N - - - - -
|10A0T] piSmey (I%I0AQD

8IHVA

LIYVA

IHVA

SIHVA

YIHVA

ELHVA

ZIHVYA

LIHVA

OLHVA

GdVA

VA

Figure 2.4.7: Perception of total reward potential of a certain action (evaluated for counterpart)




CHAPTER 2: Intel’s Copy EXACTLXY! Program

Figure 2.4.8 is a perceptual mapping of the rewards listed in Question 2 of Survey B,
evaluated along the dimensions of being either short term or long term rewards. It is
interesting to note that those factors perceived most often as long term rewards are factors
that have relatively short time horizons for action but possess long term implications on
corporate profits. Another interesting observation is that overall — increased visibility
within Intel (VAR 7) and being exposed to a different method of accomplishing a task
(VAR 8) were not viewed as either long term or short term rewards. Finally, it is

interesting to note that no item was viewed overall as only being a long term reward.
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Figure 2.4.8: Short term and long term perception of various rewards

As can be seen in figure 2.4.9 Copy EXACTLY! is perceived as reducing both risk and
innovativeness. This result is somewhat disturbing. It appears that the program has
achieved one of its goals — that of reducing risk in process technology transfer, but it
also seems to have had the effect of reducing the innovativenes: of the manufacturing

organization. Unless compensating mechanisms are put into place, it may be that the
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program will allow Intel to complete a successful startup and ramp of a new Fab but then
have all of the Fabs that are members of a process' virtual factory fail due to a lack of

innovation.
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Figure 2.4.9: Perception Copy EXACTLY! in Risk-Innovation space

Figure 2.4.10 shows the percent of surveyed employees at Intel who agree with specific
statements made about how the Copy EXACTLY! program is affecting the way in which
they work. The engineers and technicians do feel constrained under program when
attempting to make process improvements {changes) interactively. However, there is
also good agreement among those surveyed that the program also provides them with the
ability to more quickly isolate process problems and access to knowledge/feedback in

excess of their personal experience.
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Figure 2.4.10: Percent of people agreeing with statements of Question 9 Survey B

The above perceptual data seem to indicate that the Copy EXACTLY! program, as
perceived by the engineers, managers, and technicians, provides significant benefit in the
direction of the stated goals of the program; yet this benefit is not without cost. It is
imperative that these benefits and costs be quantified in order to determine if the program

is of net benefit or not.

2.5 Recommendations for Improvement

Figure 2.5.1 shows the importance of various tools, systems, and procedures that need to
be developed and implemented in order for Copy EXACTLY! to work as intended. As
can be seen from the graph no item received an overall score of less than 50 out of a total
of 100. This highlights an important point — the tools, systems and procedures that need
to be instituted for the success of the program are perceived to be very broad and

inclusive and all of relatively significant importance.
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Figure 2.5.1: Rating of wols, systems and procedures needed for Copy EXACTLY!!

There is a need, particularly among the engineers and technicians that are training at a
facility that is not their permanent assignment, for more accurate and complete
communication of the training expectations between the home site management and the
training site management. More than a few engineers, technicians and managers
expressed to me the opinion that the expectations that they had had around the training of
off-site engineers and technicians had not been realized. There was high concern that the
engineers and technicians were being use as supplemental labor to assist the output
performance of the host site to the exclusion of providing adequate training in all areas.
This should be tempered with the acknowledgment that not all engineers or technicians

felt this way.

1Question 8, Survey B
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Related to the usage of the allocated time, many of the "guest” engineers and technicians
as well as their management felt that the amount of time allocated for training at an
operational facility was too short for the average new employee. Therefore Intel should

allocate more time for up front training.

Implementation of corporate guidelines on equipment source inspections should also be a
high priority item for the senior engineers and managers. The engineers and technicians
who conducted on-site and off-site acceptance inspections of process tools had a great
deal of freedom in determining many aspects of the inspections of supplier provided
equipment. This practice has the potential of allowing multiple process tools of

significantly varying performance to be accepted.

Discussions with many of the engineers and technicians concerning the tools and system
that they thought were needed to make Copy EXACTLY! work eventually lead to the
expression of a desire to have a complete set of on-line process indicators comparison
system. These engineers and technicians felt that the system would allow them to better
track performance of their operation, module, process, physical Fab, and virtual Fab.
Provision of this kind of information would also make many kinds of engineering and
business analysis (production forecasting for sort, assembly, and marketing/sales, yield

tracking by module, failure analysis, etc.) easier and more realistic.

Training for managers, supervisors and human resource personnel should include
sessions or complete programs on how to clearly communicate to another employee the
goals and expectations of the corporation and the specific methods that will be used to

encourage pursuit and achievement of those goals and expectations.
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3.1 The Manufacturing Process

The entire process of fabricating an integrated circuit can be divided into three major
groupings. All three of the groupings use one, or more, of the four principles listed on

the following pages. These groupings are:

Electrical Compon ricati

The fabrication of all the electrical components (transistors, capacitors, ¢tc.)
needed to make the integrated circuit work property occurs at the beginning, or
front-end, of the manufacturing process. In electrical component fabrication, all
four principles are used to alter or change the electrical characteristics of specific

regions on the water.

rical Com
Electrical component connection occurs toward the end, or back-end, of the
manufacturing process. All the components created at the front-end of the process
are connected with electrically conductive materials, and the wafer is sealed with
a protective coating. In electrical component connection only lithography, etch

and thin films are used to alter specific regions on the wafer.

Electrical Testi
During electrical testing, the wafer’s thickness is reduced by grinding away

contaminated backside material. A think layer of chrome/gold is then deposited
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on the wafer for packaging. Each individual integrated circuit is then tested to

verify its functionality before it is sent off for assembly/packaging.

PRINCIPLES OF I BR N
The complex structure of an integrated circuit is created by using four basic
manufacturing principles. The manufacturing areas within the fabrication facility are

divided into the following four functional areas:

Diffusion
Lithography
Etch

Thin Films

The four principles of integrated circuit manufacturing take place in these functional
areas. These four basic principles are used repeatedly throughout the manufacturing

process, creating multi-layered integrated circuits. These four basic principles are:

i f Sili ioxi
Thins layers of silicon dioxide are placed on the wafer to create insulation
between layers of an integrated circuit, and as a protecting agent to stop impurity
introduction and etchants from affecting the surface of the wafer. This action is

accomplished in the Diffusion and Thin Films areas.

Introduction of Dopant Atoms (Impurities)
Dopant atoms (or impurities) are introduced into the structure of the silicon wafer

to alter or enhance the electrical characteristics of a region. Later in the
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manufacturing process, these regions are interconnected to create the electrical
components (e.g., transistors, capacitors, etc.) of the integrated circuit. This
action is accomplished in the Diffusion and Thin Films areas.

ision ming of all Materi i
Precision patterning of the surface of a wafer selectively creates regions with the
specific characteristics necessary to form integrated circuits. Initial patterning
takes place in a Lithography process, where geometric patterns are created in a
photosensitive film placed on the surface of the wafer. Specific regions of the
photoresist are then washed away, exposing the underlying material(s). These
exposed patterns are then transferred into the underlying structure of the wafer by
cither etching away material or depositing impurities. This action is

accomplished in the Etch, Diffusion and Thin Films areas.

ition latin n
Insulating materials (different from silicon dioxide) are deposited on the wafer to
electrically isolate adjacent areas of the <ircuit. While conducting materials are
placed on the wafer to connect the numerous components of the integrated circuit.

This conducting material acts as the wiring for the circuit.

Figure 3.1.1 shows how these three areas work together to create integrated circuits.

(11
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Figure 3.1.1: Typical Process Flow Diagram
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3.2  What is Manufacturable, Transferable and Sustainable?

In Figure 3.2.1 below, three pairs of models presented as ways of thinking about how

research and development and manufacturing interface and interact with one another.

For these models a transferable process (T) is one which is sufficiently mature to the
point that the new technology is allowed to be transistioned into a manufacturing facility
from a development facility. This definition is somewhat nebulous and uncertain but is a
consequence of the usage of the term in that it relies on how one defines a manufacturable
process, a sustainable process and how one chooses to allocate the responsibility for
achieving these process states. The point of transferability is important because it
determines which organization { TD or Manufacturing} is responsible for ensuring that a

technology is manufacturable and/or sustainable.

1 2 3

Figure 3.2.1: Hierarchical models of manufacturability, transferability, and sustainability
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Models 1a and 1b of Figure 3.2.1 show the old vision of the relationship between

manufacturing and research and development. Under these models, technology is
transferred to the manufacturing facility (user) without any effort by research &
development to do anything more than to assume that the manufacturing facility could
actually use the technology. It was then the responsibility of the manufacturing
organization to not only meet manufacturing goals, but to recreate process into one that
was robust enough for the manufacturing environment. After this was accomplished, the
manufacturing organization would then shift into a maintenance mode where no
significant improvements would be made to the process/product technology. In this
paradigm, manufacturing is burdened with developing or redeveloping a technology so
that it works in the company’s factories sufficiently well enough to meet corporate goals
of profitability. This may well give the manufacturing engineers a good understanding of
the technology, but it affords them little time to think about improvements to the
technology that may allow the technology to exceed its original goals. This kind of
“technology development” is also not occurring at the Research & Development labs as

they have more than likely moved on to developing the next generation of technology.

This brings up an important feature of these models — that is the difference between
manufacturability and sustainability. All of the models assume either that a
manufacturable process state must be attained before a sustainable process state or vice
versa. In terms of organizational responsibility, however, it is only within the contexts of
the models of 3a and 3b that this difference comes into play. The third possibility of
manufacturable process state and a sustainable process state being one and the same
would reduce the model set to four {2a & 2b would be eliminated}. Additicnally, there
would only be two levels within each pyramid rather than the illustrated three as the M

and S levels would then be a single level.
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The models of 2a & 2b have the development facility fully debug and characterize a new
technology before attempting to transfer that technology to a manufacturing facility.
Under this paradigm, the Research & Development center engineers would not only need
to come up with new technologies and prove feasibility, but they would also need full
scale manufacturing facilities personnel and other resources in order to be able to transfer
to the manufacturing engineers a technology as if it had “sprung fully grown from the
head of Zeus.” Under this mode of operation, manufacturing has two possible avenues;
either they could accept the technology as a given and run that technology without
improvements until the next technology comes along from Technology Development or
they could pursue a cause of continuous improvement. The former course, however, begs
the question of what to do with the manufacturing engineers that are assigned to
manufacturing? More important, hoever, is the marketplace implications of following
this strategy. Not only does the technological innovation stay in development longer,
thus reducing corporate profit from the utilization of that technology in their
manufacturing operation, but once out of the hands of Technology Development, the
technology ceases to improve thus losing any net benefit of incremental improvement.
The latter course has the same disadvantage of the former with respect to length of time
the technology spends in Technology Development. It does, however, permit the
manufacturing engineers to make incremental improvements and the company reaps the

benefits.

The models of 3a and 3b are a vision in which the responsibility for the development
maturing and incremental improvement of a technology are shared by Research &
Development and manufacturing. Since a technology i: transferred from development to
manufacturing at some point between the two extremes represented by the models 1 & 2,

it is under these paradigms that the differences between a manufacturable process state
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and a sustainable process state become most salient. How an organization chooses to

define these words and order their dependency is of great interest to the Research &
Development organization and the manufacturing organization because these two
decisions more than any others will set the tone of the relationship between the two

organizations.

This where Intel is a house divided — there is no consistent set of definitions for
manufacturable and sustainable among the engineers, managers and technicians nor is
there agreement about what organization should have responsibility for each. Based upon
interviews and data collected via survey, the following definitions for manufacturable and

sustainable were formulated.

A manufacturable process is one which possesses the following characteristics:
1. has low labor content

the process is in control

has high factory yields at volume

has a Cpi 2 1.3 with minimal intervention

has all process tools and analytical equipment are characterized

is predictable

A A R R

is well documented with respect to statistical performance, process
indices, operational procedures, preventative maintenance procedures,

specs, and recipes.

A sustainable process is one which possesses the following characteristics:
1. Fully debugged

2. Requires little engineering intervention
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3.2 What is Manufacturable‘ Transferable and Sustainable?
Trained Manufacturing Technicians

Process monitors well understood
Centered in large process window

Undergoing continuous improvement

N s AW

Meets definition of manufacturable

These definitions explicitly establish the dependency of sustainability on
manufacturability. The definitions are appropriate for the Intel operating environment as
they are based upon input from Intel manufacturing technicians and engineers in content

and reveal the relationship implied by the graphs of figures 3.2.2 and 3.2.3.
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Processes should use as much “off-the-shelf”’ tooling as possible.
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Figure 3.2.3: Rank of items as related to sustainability?
Process Design
essential that a new process technology or a new Fab be an unqualified success. This in

Intel has chosen reduction of product life cycle as its market strategy. This has made it
collection of rules or guidelines for DFC, therefore, after collecting data from a number
of engineers, managers and technicians, the following set of guidelines for copy-ability

turn requires that the process/product technology be developed with ease of transfer in

mind. A concept that has been called Design for Copy-ability (DFC).
Neither the manufacturing organization nor Intel as a company has a single written

are recommended.
2Question 7, Survey B

3.3




3.2 What is Manufacturable, Transferable and Sustainable?

This may seem counterintuitive, at first, as many companies rely on

proprietary equipment or equipment modifications as a source of strategic
advantage, this guideline, however, is not meant to be interpreted as “Do
not use custom tooling” only that the use of custom tooling should not be

undertaken unless there is a clear economic or strategic advantage.

2. A design package should be created as a process is developed.

A design package should be living dynamic document? which contains
such information and experience as how exactly is a PM procedure
performed, what operating characteristics of the tool affect its output and
what is that effect. Are there are modifications that have been made to the

tool since acceptance from the manufacturer.

3.4 What are the Roles of Technology Development and Manufacturing?

Technology development and manufacturing are organizations that are highly dependent
on one another. Their interaction both obvious and subtle will make or break one another
and the corporation as a whole. Development depends upon manufacturing not only for
money, either through direct payment or budgeting from corporate, but also as a source of
information on “real-world” manufacturing process issues. Likewise, Manufacturing is
dependent upon development as a source of the next process/product technology and as a
information source providing expert advice and guidance process reaction phys;i~: and

chemistry.

3The use of the word document is not meant to imply that a design package cannot or should not be
electronic based or multi-media based; it is just a convenient shorthand.
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3.4 What are the Roles of Technolon Develogment and Manufacturing?

Should these “artificial” divisions of work and expertise be removed so that development
engineers and technicians are responsible for manufacturing volume as well as
development activities? Should manufacturing engineers also be required to develop new
process technology. Intel’s answer to these two questions are Yes and No respectively.
They believe that the only way or at least the best way to get the development engineers
to design a manufacturable process is to make them also responsible for manufacturing to

volume specifications.

This course of action seems reasonable given the very plausible reasoning behind it.

However, upon deeper examination, one finds several questions that must be answered

1. How do you staff the development organization? Traditionally,
development has been staffed with a large number of degrade professionals and a
somewhat smaller number of technicians. Where as a manufacturing organization
has traditionally been staffed just the opposite — with large numbers of

technicians, to run the process, and relatively fewer degreed persons.

2. What is done with the extra personnel either, engineers or technicians, as
the organization switches between development and manufacturing? How does

one justify the overhead costs?

3. How is expertise among the engineers who must be at the leading edge of

technology in order to produce the next process/product design maintained?

4. How do you overcome the cultural biases of the organizations?
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It has been shown that manufacturing and development should not only be separate
organizations, but also that they must be dedicated to pursuing the goods of their
organization. This does not imply that development and manufacturing function in their
own vacuums but rather that the relationship between the two be systematized and
formalized to ensure the proper and efficient exchange of information, and when

appropriate, persornnel.

Following this model, the company will realize maximum benefit as it will have a full-
time development staff that are experts at new process/product design and technology
transfer as well as having manufacturing organizations that are focused on technology
transfer, sustaining manufacturing capability and continuos process/product

 improvement.
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CHAPTER 4: How Should Copy EXACTLY'! be
Measured?

4.1 Success Criteria

The internal measures of success for the Copy EXACTLY! program will be:

I. the rednction in the time-to-market achieved
2. the reduction in ramp time achieved

3. the quality of the output from the Fabs

4. the decrease in cost/unit

ultimately, however, the true measure of the success for the Copy EXACTLY! program

will be Intel's performance in the marketplace — all other factors being constant.

I can not even pretend to pretend that I have the insight needed to predict how Intel will tuir
particularly against such deep-pocketed and talent laden organizations as Apple,
International Business Machines, and Motorola (the power PC consortium), Sun
Microsystems, and Digital Equipment Corporation. I can on the other hand recommend a
tool that may be useful in quantifying the internal measures of success — that tool is the

learning curve.!
Nem

i Learning Curves are also known in the literature variously as Progress Functions, Progress Curves.
Improvement Curves, and Experience Curves.
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4.2 Learning Curve Theory

In recent years, it has been increasingly recognized that progress functions can be of
considerable value in the estimation of production costs, product pricing and the scheduling
of labor and equipment. Further, the concept of the progress functions has been
incorporated into the main body of economic theory. This has resulted in interesting
applications of the progress function concept. It has also provided an important new

explanation of technological change in products and services.

Although the leaming curve model has achieved this considerable popularity in the airframe
industry, a survey of the literature suggests that applications of the concept in other
industries have been somewhat narrow and few in number. Past applications have
generally been limited to a small number of labor-intensive and labor-paced forms of
manufacture that exhibit a high proportion of assembly operations; the manufacture of
airframes, machine tools and electronic components are relevant examples. Furthermore,
these applications have been focused on only one type of innovation, the introduction of
new products or new product models. The usetulness of the concept ir describing and

estimating the “startups” of new production processes has not been well explored.

The apparent omission of machine-intensive manufacture from past applications of the
learning curve concept is somewhat inexplicable, since pronounced and measurable
learning phenomena do, in fact, accompany the introductions of new products or
production processes in many mechanized forms of manufacture. Words like “startup™ and
“debugging’” are often used to describe the large gains in productivity that are achieved as
the personnel in a machine-intensive production system learn how to manufacture a new

product or utilize a new production process more efficiently.
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If reliable estimates were available, they could be employed usefully in a variety of
important planning and control functions in the typical firm. Prior estimation of the
productivity gains that attend & startup can reduce materially the levels of uncertainty in

such common activities as:

1. Product pricing.
2. Negotiating delivery commitments.

Production scheduling.

4. Establishing production standards and wage incentives.
5. Budgeting and cost control.
6. Facility analysis.

It would seem that an extension of the learning curve concept, to include machine-intensive
forms of manufacture, would be both intuitively reasonable and pragmatically

advantageous.

As organizations produce more of a product, the unit cost of production typically decreases
at a decreasing rate. This phenomenon is referred to as a learning curve, a progress curve,
an experience curve, or learning by doing. The number of direct labor hours required to

assemble a product decreased significantly as experience was gained in production, and the

rate of reduction of assembly hours declined with rising cumulative output.

Learning curves have been documented in many organizations, in both the manufacturing
and service sectors. The unit costs of producing aircraft, ships, refined petroleum products
, and power plants have been shown to follow the characteristic learning-curve pattern.

Learning curves have also been found to characterize outcomes as diverse as success rates
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of new surgical procedures, productivity in kibbutz farming, and nuclear plant operating

reliability.

Organizations vary considerably in the rates at which they learn, whereas some
organizations show extraordinary rates of productivity growth as cumulative output
increases, other fails to show expected productivity gains from learning. Operations that
are paced by labor can be expected to have much steeper learning curves than machine

paced operation.

The only definitive empirical study done on this topic [machine paced vs. labor paced] was
conducted by Hirsch. Hirsch tound that machining progress ratios were much smaller than
assembly progress ratios. Assembly progress ratios were approximately 2 times larger
(25.6 vs. 14.1%) Thus Hirsch’s study established that the progress ratio decreases as the

proportion of machine-paced labor to total labdr

For US. manufacturing and other organizations to compete effectively, we need to
understand why some organizations have rapid rates of learning, some learn only slowly
and others fail to learn. Thus, we need to identify factors affecting organizational learning

curves and use this knowledge to improve manufacturing performance.

Understanding factors affecting learning can enable managers to improve the performance
of a firm in many areas. Applications include formulating manufacturing strategy,
production scheduling, pricing and marketing, training, subcontracting production, and
prediciing competitors’ costs. The rate and transfer of learning are also important issucs

for antitrust policy and trade policy.
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The conventional form of the learing curve is a power function:
Y = KX" Eq. (4.1)
Y = the number of direct labor hours required to produce the xt! unii
K = the number of direct labor hours required to produce the first unit

X = the cumulative unit number

n= %ggiz) = the learning index

@ = the learning rate {% curve}

1-® = the progress ratio

As this expression shows, the standard measure of organizational experience in the
learning-curve formulation is the cumulative number of units produced, a proxy variable
for knowledge acquired through production. If unit costs decrease as a function of this

knowledge, other variables being equal, organizational learning is said to occur.

Learning curves are often characterized in terms of a progress ratio, p. With the learning
curve in Equation 4.1, each doubling of cumulative output leads to a reduction in unit costs
to a percentage, p, of its former value. Thus, an 80% progress ratio means that each

doubling of cumulative output leads to a 20% reduction in unit cost.

Care needs to be taken in the application of thcoretical learning curve results as Alchian
found that fitting learning curves to the aggregate post performance of a single
manufacturing facility in order to predict the future could result in a significant margin of

CITOrI.

At the macroscopic level, the leaming curve includes two categories of learning -

organizational and labor (personal). Hirschmann claims that the two ways to improve

81



CHAPTER 4: How Should Copy EXACTLY! be Measured?

learning lie in the inherent susceptibility of the labor in an operation to improve and the

degree to which this susceptibility is explored by the organization.

Interruptions in the Learnin rve (i.¢.. Relearnin

Interruptions or discontinuities in the learning curve generally occur when new model
changes are introduced, the design of the product is changed, or in the case of intermittent
production on the same product. These interruptions lead to a learning loss on the part of

operators who originally pertormed the task.

Hall suggests that design changes lead to twe costs:
1. The cost of added design less the quoted cost of the design removed.
2. Loss of learning — resulting in not being able to produce an assembly at the

full quantity contracted.

Hall focused on a practical way of “factoring in” a new design change into the learning
curve after the first unit is produced. Simple graphic techniques are proposed to determine
the cost in hours of major design changes. These factors are important to Intel as they
introduce new variations within a chip family: Will the performance of the factory he
affected? By how much? Is there an optimal strategy for the introduction of change in

process or product?

4.3 Learning Curves at Intel?

In Figures 4.3.1 through 4.3.4 I have shown the learning curves for Intel's P411.3 und

P648 processes at Intel's Fab 4, Fab 7, Fab 8 and Fab 9. Additionally on each plot will he

2These learning curves are based on wafer cost as a function of cumulative wafer production.
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found a curve that represents a standard learning curve based on the same periodic and

cumulative wafer production as the actual curve.

Examination of the correlation coefficients for figures 4.3.1 through 4.3.4 reveal a trend of

increasing learning within Intel with the exception of the correlation coefficient for the P648

process in Fab 9. These results, in general, are very encouraging for the aspect of seeking

organizational learning and the resultant benefits. The reason for the smaller correlation

coefficient for Fab 9 P648 needs to be investigated in order to determine if this is just an

artifact of the data collected and used or whether it is due to some other cause.

% curve = 0.93] |Lrn rate = -0.10
x:= 1.185| |R?2 = 0.00184
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s
(S ]
; s1.88 ¢
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Figure 4.3.1: Fab 4 P411.3 Leaming curve
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Figure 4.3.2: Fab 7 P648 Learning curve
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Figure 4.3.3: Fab 8 P648 Leamning curve
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Figure 4.3.4: Fab 9 P648 Learning curve

In Figures 4.3.5 and 4.3.6 I have shown the learning curves for Intel's P650 process at

Intel's Fab 8 and Fab 9, respectively. Additionally on each plot will be found a curve that

represents a standard 20% learning curve based on the same periodic and cumulative wafer

production as the actual curve. As can be seen visually the two Fab learning curves match

quite well to the standard learning curve. Moreover, statistical analysis of the actual data

points and samples of the theoretical learning curves show strong a correlation between the

actual learning curve and the theoretical learning curve. Therefore it is possible that the

cumulative volume of wafer production may be a reasonable indicator of learning.
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Figure 4.3.6: Fab 9 P650 Learning curve
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Future Work

The research presented herein has provided insight into Copy EXACTLY'! and technology
transfer. It has examined the underlying structural design of technology transfer programs
and some common myths surrounding them that need to be addressed in order for a
technology transfer program to have a greater chance of success. Also, internal and
external measures of success for Copy EXACTLY'! and a tool for quantifying the internal

success factors has been recommended.

Copy EXACTLY! as a corporate commitment is evolving at Intel. Whether it becomes a
passing phase or a corporate cornerstone will depend largely upon the perceived value
derived trom the program in light of its unquantified but potentially enormous cost in terms

of human and financial resources.

Additional work is needed in this area to quantify the costs and benefits o the program.

Specifically Intel needs to:
l. Quantify the financial and non-financial costs of Copy EXACTLY!
2. Explore the other measures of organizational learning that may be usclul or

informative in analyzing the pertormance of a Fab over time. This may

include analyses such as EDO/Cumulative wafer starts or CosVEDO.
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3.

Systematically study the impact of the program on personnel motivation

which is well correlated with individual innovation.
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APPENDIX A

Questions for Managers

1. What is your title?

2. What are your functional responsibilities?

3. a) How long have you worked at Intel?

b) Have you worked anywhere else?

4. a) Have you participated in Copy EXACTLY! before?

b) Have you participated in any other technology transfer programs?
5. What kinds of effects has Copy ;XAQTLY! had on the way you do business?
6. What kinds of effects will Copy EXACTLY! have on the way you do business?
7. What do you see as the future of Copy EXACTLY! ?
8. How important is Copy EXACTLY! to the success of Intel?
9. What are the goals of Copy EXACTLY! ?

10. What are the alternatives to Copy EXACTLY! ?

11. HAve any of the alternatives to Copy EXACTLY! been evaluated?
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12. Who would you recommend as interviewees for the Copy EXACTLY!
process evaluation?

Process Engineers Technicians

13. Who would you recommend as contacts for learning more about the

process and equipment running in the FAB?
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intal.
Copy EXACTLY!

Survey

Massachusetts Institute of Technology
LEADERS FOR MANUFACTURING PROGRAM

Eric Sebastian Fears
Landars for Manufacturing Fellow
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1. Listed below are a set of rewards, each identified by a letter preceding it:

. promotions

salary increases

. special recognon

. professional recognition inside Intel
. prolessional recognition outside Intel

A. This section asks you 10 identify which rewards you hope 10 receive for certain tasks/behaviors. For each lasi/behavior
circle the letter comesponding 10 ali the rewards thet you expact 10 receive for that task/behavior.

scaocow

VAR 1 Personal continuous lsaming VAR 10 Good atiendance

VAR 2 Leadership skills VAR 11 Reducing resources used In production
VAR 3 Mesting commitments VAR 12 involivement in problem solving

VAR 4 Above average work qualty VAR 13 Team orientation and participation

VAR § Formal Education VAR 14 Visibillty of project / activity

VAR 6 Safety record VAR 1§ Pubiishing papers

VAR7 Generating patentabic ideas VAR 18 Placing work beforz personal e

VAR S Displaying a good work attitude VAR 17 Altituce displaysd toward other empioyees
VAR 9 Abiity to communicate clearty VAR 18 Reducing delects

a b c d e Oher a b c d e Other

8. This section asks you 10 identily which rewards you befieve that your counterpait receives for certain tasks/behaviors.
For each tasivbehavior circle the letter comeeponding 10 all the rewards that you believe he or she receives for that
(Coumupan;num: if you are in manufacturing consider someone who has a job similar to yours in development or if you
are in development consider someons who has a job simiar 1o yours in manutacuring)

VAR 1 Personal continuous leaming VAR 10 Gocd attendance
VAR?2 Leadership skills VAR 11 Reducing resources used in production
VAR3 Meeting commitments VAR 12 involvement in problem solving

VAR 4 Above average work quallly VAR 13 Team orentation and participation
VARS Formal Education VAR 14 Vieiifty of project / activity

VAR S Safety record VAR 1§ Publishing pepers

VART Generating patentuble ideas VAR 18 Placing work before personal We

VARS Displaying & good work stiude | | vaR 17 Alttude dispiayed loward other smpioyess
VAR® AbRRY to communicate clearty VAR 18 Reducing defects

a b c d e Omer a bc d e Other
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2 For this question you are to place an S next to each tem you consider to be a short term professional reward for you for
using Copy EXACTLY! and place an L next to each tem you consider 1o be a long term professional reward for you for using
Copy EXACTLY! (Note: An tem can be can be a long term reward. a short term reward, both a long and short larm reward.
or nedher a long term or short term reward)

VAR 1 | No rewards for using Copy_Exactly! VAR 6 | Achieving same ISO as onginal fab.
VAR 2 | Increased responsiility within Intel. VAR 7 | Increased visility'within intel.
VAR 3 | Increased potential 10 relocale 10 other skes VAR S | Exposure 10 a different method of
ing the same 8 task.
VAR 4 | Increased profitability of Intel. VAR 9 | Abilty 1o maich process indicators.
VAR S | Reduction of number of problems in fab VAR 10 | Reduction in the number of problems in
_Startup. sustaining a fab.
Other: Other:

3. Describe what is meant by saying a process is a transferable process?

¢

4 Dsabommh@mbysaymamuanwuurd)bm?

5. Describe what is meant by saying a process is a sustainable process?
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For Questions 6, 7. 8. 9, 10 and 11 you will be asked to rate items by a relative importance scale This scale has three (3) leveis
Nt fams rated as A (cntical) should be "must have™ tems without which it would be impossibie tc, complete the activity n
question ltems rated as B (important) should be tems which substantially reduce the resources raquired to compiete the
activity in question but are not critical  ftems rated as C (nice to have) shouid be tems which reduce the resources required 10
complete the activty n question but are not as important as tems rated as B

6. Consider what are the items that you feel make a process transferable? Rate the importance of the tems in the following
table. You may write in and rate up to two (2) additional items in the spaces provided.
( A = critical, B = important, C = Nice to have) .

VAR1 [ Having well defined common goals among VAR 11 | Clear communication of expectations
different sites. between different nizations.

VAR 2 Having accurate specs. VAR 12 | Having a process that is not site specific.

VAR 3 Having a process that is not specific to a VAR 13 | Having specs which do not require frequent
single machine. operator intervention.

VAR 4 Having supplier involvement to improve VAR 14 Having suppkar involvement to improve
equipment utilization. uptime.

VAR S Having well characterized equipment. VAR 15 | Having a large process latitude

VAR 8 Having a process in which interactions are VAR 18 Thodscplimoﬂhe receiving organization
well understoou. in following specifications.

VAR 7 Having wall defined common goals at a VAR 17 | Clear communication of expectations by
particular site. management.

VAR 8 The discipline of the transtferring VAR 18 | Having all equipment and supplies being

ization in followi ifications. readily available.
VAR 9 Having a stable process. VAR 19 | Having well defined specs.
VAR 10 | Having a well documented process. VAR 20 | Having a work force whose primary goal in
kfe is 10 achieve the company'sgoals. |

Other: Other: -

7 Consider what are the tems that you feel make a process susiainable? Rate the importance of the items in the following
table. You may write in and rate up to two (2) additional tems in the spaces provided.
( A = critical, B = imporntart, C = Nice to have)

VAR 1 Having well defined common goals among VAR Clear communication of expectations
different sites. " between different organizations.
VAR 2 Having accurate specs. V:R Having a process that is not site specific.
1 (
VAR 3 Having a process that is not specific 10 a :I:R Having specs which do not require frequent
single machine. cperator intervention.
VAR 4 | Having supplier involvement to improve \‘I:ﬂ Having supplier invoivement to improve
equipment Wiz ation. [ -
VAR 5 Having well characterized equipment. \11:8 Having a large process latitude
VAR 8 Having a process in which interactions are VAR The discipiine of the receiving organization
woll understood. 18 in following specifications.
VAR 7 Having well defined common goals at a VAR Clear communication of expectations by
particular site. 17
VAR 8 The discipiine of the transferring VAR Having all squipment and supplies being
organization in following specifications. 18 readily avaiable.
VARS | Having a stable process. \‘/:R Having well defined specs.
YAR 10 | Having a well documented process. VAR Havmamtkfomwhosapmnarygoalm
20 life is Y0 achieve the company’s goals.
Other: Cther:
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. Consider how Copy EXACTLY! is atfecting the way in which you work. Rate the importance of the items in the following
table. ( A = critical, B = important, C = Nice to have) You may write in and rate up 10 two (2) additional #ems in the spaces
provided.

VAR 1 | N causes me to more carelully scrutinize vAR 8 | | repeat procedures without regard to
process modifications.. ofessior:al or | ingight.

VAR 2 | 't requires the microscopic examination of VAR S
process/equipment as well &8 MACrosCopic | have available to me taedback/knowiedge
examination. from ol .

VAR 3 | It heips me in finding process probleme VAR 10 | It makes me cbserve what is actually done
more quickly. _ rather then relying on specs.

VAR 4 | I focuses/organizes the content of my work VAR 11 | It increases the scope of my work.

VAR s | It ties my hands to making improvements VAR 12 | It limits my creativity

VAR 8 | M limits my ability to make changes “on-the- VAR 13 | | don"t look for improvements, | just copy
fiy". the exi [ A

VAR 7 | tincreases my team orientation. VAR 14 | Increases my abilty t0 network.
Other: Other:

. Consider what mmmmuwmmnmc@wm:w Rate the
mmd:;':mhmmmm. Ywmmhwmwbm(amwlnnhm

(A,-cdied.s-iupomu.c-Nbuohavo)

VAR 1 | Cross site specification teams. VARS8 | Increased training time.
VAR 2 | Process synergy reviews. VAR9 | Shared specs.
VAR 3 | Cross site users groups that include VAR 10 lmacd:,o:ummm
pand non-managers.
VAR 4 | increased communication between VAR 11 | On-iine process indicalors comparison
management at different sites. om.
VARS | Accurate and complete communication of VAR 12
mwmmm“‘ . Exchange of personnel batween sites.
VAR 8 Camum;mmtm. VAR 13 | Consistent methods of source inspection.
VAR7 | Progress/status reports. VAR 14 | Common ISO goals.
Other. Other..
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10. The next section asks you to determine the relative value of various systems, procedures and tools as they relate to process

developmen.

A Assuming tha' you have limited time and money to spend on the items listed in the table below. prioritize them
accodding to value in process development. ( A = critical, 8 = impontant, C = nice to have) You may write in and rate up
10 two (2) additional tems in the spaces providad.

NO MORE THAN S ITEMS MAY BE RATED AS A
NO MORE THAN S ITEMS MAY BE RATED AS B

B. In the shaded area indicate the importance of the item ta process copyability (i.e. sase of producing similar output at
another site without the need for extensive process redesigrv/redevelopment)

Rank
| Analytical Equipment VAR !
Consistent Sampling Plans VAR 2
| Consistent dispositioning methods VAR3
| Equipment Layout VAR
| Process Improvements VARS

i I ements VAR 6
Operational Improvements VAR7
(measurement procedures, etc. )

Automated Material Handling System | VAR 8
| Clean room environment VAR 9
Materiale (gases, chemicals, efc.) VAR 10
Consistent SPC imiis VAR 11
| Preventative Maintenance Procedures | VAR 12
Instaltation methods VAR 13
Workstream Model VAR 14
 Specifcations VAR 15

Consistent Process change validation | VAR 16
| Sequential lesting for tool matching | VAR 17
Other Computer Aided Manutacturing | VAR 18

Tools
other:
other:
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manufactunng.

A Assuming that you have limited time and money to spend on the items listed in the table below. priorkize them
according 1o value in process manufacturing. { A = critical. B = important, C = nice to have) You may write in and rate
up to two (2) additional items in the spaces provided.

NO MORE THAN S ITEMS MAY BE RATED AS A
NO MORE THAN 5 ITEMS MAY BE RATED AS B

B. In the shaded area indicate the importance of the item to process repreducibiity (i.e. consigtently producing simnilar
output without the need for frequent operator intervention)

11 The next section asks you to determine theA relative value of various systems, procedures and tools as they relate to prnmr

Rank

[ Anatytical Equipment VAR
Consistent Sampling Plans VAR2
Consistent dispositioning methods VARS

| Equipment Layout vARd
Process Improvements VARS

| Equipment Improvements VARS
Operational Improvements VAR7

measurement res, elc.

Automated Material Handling System | VAR 8

| Clean room environment VAR9
Materials chemicals efc. VAR 10
Consistent SPC imis VAR 11
Preventative Maintenance Procedures | YAR 12 | i
Instaltation methods VAR 13 1§
Workstream Model VAR 14

| Specifications VAR 15 IR
Consistent Procees change validation | VAR 16 S
Sequential testing for tool matching VAR 17 I
Other Computer Aided Manutacturing | VAR 18 i
Tools ;

| other:
other:

12. Rank in order of importance under Copy EXACTLY! the following issues:
(THERE CAN BE NO TIES, 1 = most important)
VAR 1 delivering product as promised
VAR 2 feducing the time to ramp to volume production
VAR3 allowing Intel 1o source product as i wishes
VAR4 encouraging empioyecs 1o be innovative
VARS Mmeeting Fsb periormance criteria (Fab indicator targets)
VARG Mminimizing total cost of manufacturing a product
VAR7 Mmaximizing the quaity of the product
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13. What effect does Copy EXACTLY'! have on innovativeness and risk laking?
CHECK ONE ONLY.

No eftect on nnovativeness or risk taking.

No eftect on innovativeness and decreases risk taking.
No effect on innovativeness and increases risk taking.
Decreases innovativenass and no effect on risk taking.
Decreases innovativeness and increases risk taking.
Decreases both innovativeness and risk taking.
Increases irnovativeness and no effect risk taking.
Increases innovativeness and decreases risk taking.
Increases both innovativeness and risk taking

14. In the Table below:
A. Rank in order of importance the goais of the Copy EXACTLY! program.
THERE CAN BE NO TIES, DO NOT RANK ITEMS THAT YOU WRITE IN THE "OTHER™ BLANKS
(1 = most important)
B. Inthe shaded area indicate how well do you think the Copy EXACTLY! program meets these goals?

Reducing time to ramp to volume

| Creating Synergy
Reducing risks in process transfer
Producing same ISO/Quality (yield) levels
Creating Shared Leaming

other: )

15. Why use Copy EXACTLY] if there is a clear and measurable benefi in changing a process step or procedure?
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16 Circle the one term that best describes your occupation: Manufacturing Engineer
Technician
17 Circle the facility that is your home site: 02 EP1 F10

18. Circle the one area in which your job functions primarily fal.
a. instaliations/qualifications
b. sustaining/improvement
¢. technology development

19. Circle the one functional area of which you are a member or with which you most closety identify?
a. Thin Films

b. Diffusion

c. Sort

d. Etch

e. Lithography

f. Yield Engineering

0. Hwbm(hyemaﬁmmtn)havoywmmadhlhesemaorkMry?

1] vears

21. How long (in years and months) have you worked for Intei?

(L] Years

22. How long (in years and months) have you been at your current position at Intet?
Years

101
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Copy EXACTLY] Project questionaire

What facility are you working at?

What facility is your home site?

Are you invoived in operations, training, installations, sustaining/improvement or development?
(What is your job?)

What is the functional area of which you are 8 member?
Thin Films
Diffusion
Sort
Maintainence
Etch

Training

How long have you worked for Intel?

How long have you ueen at your current position?

Rank in order of importance for the goais of the Copy EXACTLY] program. ( 1 = most important, there

can be 1o tiee) Also indicate how well 4o you think the Copy EXACTLY] program mests these goais?
vary comenhet somewhat very
uneslisfachery | unasiisfactery noutrel enlisfactory | catisfectory

Reok 1 2 3 4 5

Creste Synergy

Shered Leaming

Reduced time o ram o volume

| Produce identical chips

Produce same ivele

Rmmhhﬁ— transfer

| other.

| other:
Eric Sebastion Fears 1

Leasers for Menufacturing Prograim
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Copy EXACTLY! Project questionaire

Rank in order of importance the issues under your suthority/control under the Copy EXACTLY! program.(
1 = most important, thers can be no ties) Also indicate the importance of the issue to process stability.

very somewhat
Rank | unimportant | unimportant

neutrel

somewhat
important

1 2

3

4

What are the additional tools and/or systems (1.e. A-Team, JET, Communications, etc.) that must be

deveioped In order to make Copy EXACTLY! work as intended?

How is Copy EXACTLY] changing the way in which you work?

What are your professional raward, f any, for using Copy EXACTLY] ?
What makes 8 process transferable?

What makes 8 process sustainable?

Does a transferabie process make for a sustainabie process? Why or Why not?

-  [Eric Sebaatian Fears
Leaders for Menufacturing Program
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Copy EXACTLY! Project questionaire

For your functional arsa, rankin order of importance the ten most important process psrameters that
must be controlled t0 ansure consistent quality? Du the process toois and anatytical support equipment
that Intel uses aliow these process parameters to be controlied with adequate resolution?

Process Step:
Rank Process Parameter Resolution Control
Length of time & wafer is exposed to the process Inadequate  Adequste
Themal cycling of wafer Inadequate  Adequate
Thermal history of wafer Inadequate  Adequate
Temparature of process step Inadequate  Adequate
Envirconmental temperature Inadequate  Adequate
Environmental Partical Count inadequate Adequate
Partical Count at Wafer Surface Inadequate - Adequate
Gas Flow within Reaction Chambar Inadequate Adequate
Gas Flow at Wafer Surface Inadequate Adequate
pH of processing fluid (specify fluid ________ ) Inadequite Adequate
other - specify : inadequate Adequate

For you, what are the behaviors that lead to:

For your counterpart in development/manufacturing, what are the behaviors that lead to:
a. promotion
b. salary increases

c. special recognition
d. professional

I. inside intel
i. outside intel
mmmuummwmmmulwhmwmmm

the Copy EXACTLY1 paradigm?

a. i not, Pleass describe what you feel is not appropriate.
b. Iif 80, Plcase describs what you feel-is working well.

Why use Ccoy EXACTLY] i there is a cleer and meesurable benefit in changing a procsess step or
procedure?

Eric Sebastion Fears 3
Leaders for Manufacturing Program

105



APPENDIX C

Copy EXACTLY! Project questionaire

Rank in order of importance under Copy EXACTLY! the following performance criteria: ( 1 = most
important and 7 = least important, there can be no ties)
cost
—Quallty
dependability
flexibility
innovativenees
— time to ramp to volume production
meeting psrformance criteria (Fab indicator targets)

What effect does Copy EXACTLY] have on innovativeness and risk taking?

Eric Sebastian Feas 4
Ledtiers for Manufechuring Program .

106



BIBLIOGRAPHY

Abernathy, W. J. and Baloff, N. “A Methodology for Planning New Product Start-
Ups.” Decision Sciences, Vol. 4, No. 1 (1973) pp. 1-20.

Abernathy, W. J. and Wayne, K. “Limits of the Learning Curve.” Harvard
Business Review, Vol. 52, No. 5 (1974), pp. 109-119

Alchian, A. “Reliability of Progress Curves in Airframe Production.” Santa

Monica, Calif.: RAND Corporation, April 1950. (Report 260-1.)

Argote, L. and Epple, D. “Learning Curves in Manutacturing”

Argote, L.; Beckman, S. L. and Epple, D. “The Persistence and Transfer of

learning in Industrial Settings”

Baloff, N. “Manufacturing Startup: A Model.” Palo Alto, Calif. Stanford

University, 1963. (Doctoral dissertation.)

Baloff, N. “Startups in Machine-Intensive Production Systems.” Journal of

Industrial Engineering, Vol. 17, No. 1 (1966), pp. 25-32

Baloff, N. “Extension of the Learning Curve — Some Empirical Results.”

Operations Research Quarterly, Vol. 22, No. 4 (1971), pp. 329-340.

Barron, L. A. “Learner Curves Boost Teams Output.” American Machinist, Vol.

102, No. 25 (1958), pp. 100-101.

107



BIBLIOGRAPHY

Becker, S., and Baloff, N. “Organization Structure and Complex Problem

Solving.” Administrative Science Quarterly, Vol. 14, No. 2 (1969), pp. 260-271.

Bhada, Y. K. “Dynamic Cost Analysis.” Management Accounting, Vol. 52, No. 1
(1970), pp. 11-14.

Bradley, J. V., “Distribution-Free Statistical Tests”, 1968
Cole, R. “Increasing Utilization of the Cost Quantity Relationship in
Manufacturing.” Journal of Industrial Engineering, Vol. 9, No. 3 (1958), pp. 173-

177.

Conley, P. “Experience Curves as a Planning Tool.” |EEE Spectrum, Vol. 7, No.

6 (1970), pp. 63-68.

Conway, R. and Shultz, A. “The Manufacturing Progress Function.” Journal of

Industrial Engineering, Vol. 10, No. 1 (1959), pp. 39-53.

Dedong, J. R. “The Effects of Increasing Skill on Cycle Time and Its
Consequences for Time Standards.” Ergonomics, Vol. 1, No. 1 (1957), pp. 51-60

Dickinson-Gibbons, J. “Non Parametric Measures of Association” (91), 1993

Dickinson-Gibbons, J. “Non Parametric Statistics" (90), 1993

108



BIBLIOGRAPHY

Hall, L. H. “Experience With Experience Curves for Aircraft Design Changes.”

N.A.A. Bulletin, Vol. 39, No. 4 (1957), pp. 59-66.

Hildebrand, D. K.; Laing, J. D. and Rosenthal, H. “Analysis of Ordinal Data, 1977

Hirsch, W. Z. “Firm Progress Ratios.” Econometrica, Vol. 24, No. 2 (1956), pp.
136-143.

Hirschmann, W. B. “Profit from the Learning Curve.” Harvard Business Review,

Vol. 42, No. 1 (1964), pp. 125-139.

Hirschmann, W. B. “Learning Curve.” Chemical Engineering, Vol. 71, No. 7

(1964), pp. 95-100>

Hof, R. D. “Inside Intel”, Business Week, June 1992

Katz, R. “Understanding and Applying Learning Curves.” Automation, Vol. 16,
No. 11 (1969), pp. 50-53>

Keachie, E. C. and Fontana, R. J. “Effects of Learning on Optimal Lot Size."

Management Science, Vol. 13, No. 2 (1966), pp. 102-108.

Morse, W. J. “Use of Learning Curves in Financial Accounting.” CPA Journal,

Vol. 44, No. 1 (1974), pp. 51-55.

Reynolds, H. T.. “Analysis of Nominal Data, 1977

109



BIBLIOGRAPHY

Rice, J. W. “Throw Prices A Curve.” Purchasing, Vol. 69, No. (1970), pp. 47-49.
Robinson, J. B. L. “Managing Technology Transfer: A Practical Framework”,
Journal of Professional Issues in Engineering Education and Practice, American
Society of Civil Engineers, October 1991

Sahal, D. “A Theory of Progress Functions”, March 1979

Thomopoulos, N. T. and Lehman, M. “The mixed Model Learning Curve.” AlIE

Transactions, Voi. 1, No. 2 (1969), pp. 127-132.

White, J. “The Use of Learning Curve Theory in Setting Management Goals.”

Journal of Industrial Engineering, Vol. 12, No. 6 (1975), pp. 639-656.

Yelle, L. E. “The Learning Curve: Historical Review and Comprehensive

Survey.”

Yelle, L. E. “Technological Forecasting: A Learning Curve Approach.” Industrial

management, Vol. 16, No. 1 (1974), pp. 6-11.

Yelle, L. E. “Estimating Learning Curves for Potential Products.” Industrial

marketing Management, Vol. 5, No. 2/3 (1976), pp. 147-154.

110



BIBLIOGRAPHY

Young, S. “Misapplications of the Learning Curve Concept.” Journal of Industrial

Engineering, Vol. 17, No. 8 (1966), pp. 410-415.

Zhao, L. and Reisman, A. “Toward Meta Research on Technology Transfer”,

IEEE Transactions on Engineering Management, February 1992

111



