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3B.1  Introduction

This chapter focuses on problem solving in semiconductor fabs. A case study of
two U.S. fabs is used to examine the nature of problems that arise in production, the
methods used to solve these problems, and the level of success that these methods
provide. A number of other issues related to problem solving, such as training and the use
of teams, will be touched on, but the primary focus will be the workers’ reactions to
problems and their achievement in finding solutions.

The two fabs chosen, US1 and US2, are at polar ends in terms of performance.
US1 is a high performer and ranks in the top 5 overall in our sample of 15 fabs. US2 ranks
in the bottom 5 overall in our sample.1 However, their management systems are not as far
apart. This case study will discuss the effect of one aspect of their management systems,
problem solving, on performance. However, part of the reason for the large disparity in
performance are external factors that are not under the control of fab level management,
and differences in fab goals.

External Factors
For instance, US1 produces a small number of products that they have been

producing for quite a while. They have not had a new process or technology introduction
in years, but they were awaiting the introduction of three new processes and a technology
upgrade to begin soon after our fab visit. It can be expected that their performance metrics
will drop during ramp up and while climbing the learning-by-doing curve.

US2, on the other hand, produces many ASIC specialty products for various
customers and is constantly managing changes in the process flows. At the time of our
visit, they were operating considerably below capacity because of low market demand for
the types of products they produce. Thus, their performance metrics partially reflect a lack
of wafer starts. Although it might be expected that low utilization would lead to a low
number of defects, the large number of constantly changing products prevents US2 from
climbing the learning curve on any one product. Furthermore, US2 was in the middle of
qualifying for a new process, and their ownership status (and thus fab mission and
direction) was uncertain.

Another external factor affecting performance through differences in turnover and
wages is the labor market. US1 faces a competitive labor market for operators,
technicians, and engineers and recently lost a number of excellent workers to other nearby
fabs owned by US1's parent company. However, US1 claims that their work culture has
helped them retain many employees, especially at the management level. US2 does not



face any local competition for operators or technicians, and thus has a high-tenured work
force.

Therefore, part of the difference in performance metrics of the two fabs can be
attributed to environmental conditions outside the control of fab management. US1
benefits from producing a smaller number of less complex products for a long period of
time, but labor turnover mitigates at least part of this benefit. US2 produces complex
specialty products with more possibility for error, but without sufficient demand to run
near full capacity; its experienced work force, however, is capable of solving problems
that may arise. US1's performance measures relative to US2's should benefit from product
characteristics on the one hand, but should be harmed by the tight labor situation on the
other.

Fab Goals
Another possible explanation for the vast differences in the performance of the two

fabs is that the goals of one fab may be more in line with the performance measures than
the goals of the other fab. US1 focuses on cycle time and defect density, while US2's goals
are cycle time and direct labor productivity. Table 3B-1 briefly summarizes the major non-
HR factors affecting differences in performance between US1 and US2.

Table 3B-1. Major non-HR Factors Affecting Performance
US1 US2

Labor Market Conditions: Tight Loose
Capacity Utilization: High Low
Product Mix: A few products for a long

period of time
Many, constantly changing
products

Fab Goals: Cycle time, defect density Cycle time, direct labor
productivity

Performance: Top 5 Bottom 5

The remaining discussion shows that the general lessons learned in this chapter are:
1) teams are used to solve problems on both a spot and continual basis, 2) training in and
exposure to problems can help develop problem solving skills, 3) a variety of
communication avenues (meetings, immediate engineer notification, the Internet) allows
workers to access more information efficiently, and 4) compensation directed toward
problem solving creates the proper incentives to work through and devise solutions.

The next section of this chapter uses the results of chapter 2 of this report to
examine US1 and US2 specifically. Section 3B.3 provides a general discussion of why
problem solving is important in a fab. The problem-solving methodology of each fab is
examined in section 3B.4, and the payoff or success for those strategies is discussed in
section 3B.5.



3B.2  Statistical Interpretation of the Differences in Performance of US1 and US2

This case study focuses on the importance and use of problem solving in two US
fabs. Any differences observed in performance across the fabs are caused by many forces.
External factors and fab goals have already been examined. This section will explore all
the HR factors except problem solving. Only after separating out all of these effects can
problem solving be discussed.

Borrowing from chapter 2 is an explanation of the various HR factors and how
they are summarized by 3 variables, HR1, HR2, and HR3.

• HR1 includes an experienced work force, low levels of SPC and equipment
maintenance, continuous training rather than initial training for operators and
technicians, a few centralized teams with engineers, breadth of training in equipment
maintenance for technicians and engineers. It primarily represents use of a trained,
experienced work force. Conversely, negative scores for HR1 represent fabs
characterized by trained workers doing SPC, high levels of equipment maintenance by
trained technicians and engineers, initial training, lots of decentralized teams, and a less
experienced work force, especially operators.

• HR2 includes use of a trained work force in SPC, use of trained technicians and
engineers in equipment maintenance, initial training for operators and initial and total
training for technicians, many centralized teams with engineers, and less experienced
engineers with large potential wage increases. It primarily represents skill
development, teams, and IT. Conversely, negative scores for HR2 indicate use of
decentralized teams, training for engineers and operators, and experienced engineers.

• HR3 includes use of a trained work force for SPC, trained operators doing equipment
maintenance, initial training for everyone and continuous training for operators rather
than technicians and engineers, and potential wage growth for engineers. It represents
trained operator involvement. Conversely, negative scores for HR3 indicate
operators (rather than engineers) doing equipment maintenance, continuous training
(rather than initial training) for technicians and engineers, and inexperienced operators.

US1 has positive scores for HR2 and HR3. From the results of chapter 2, US1
would be predicted to have better rankings on defect density and line yield and worse
rankings on stepper throughput and cycle time. Only the relatively bad cycle time
prediction is incorrect. Thus, US1 uses a highly trained work force to achieve high
performance, which is better than predicted. However, the fab faces few challenges in
maintaining a stabilized process.



US2 has a negative score for HR1 and a positive score for HR2 (although much
lower than US1’s score). The statistical analysis would predict that US2 would have a
poor ranking on cycle time, stepper throughput, and direct labor productivity, and a good
ranking on defect density and line yield. The cycle time, defect density, and line yield
predictions are incorrect. The low capacity utilization at US2 helps explain why cycle
times are better than predicted. However, we expected that low capacity utilization would
have supported better quality performance (line yield and defect density), which appears to
be unduly hampered by the challenges presented in producing a large number of different
products.

The next section looks at some examples of how US1 and US2 explicitly solve
problems. A comparison of actual problems and their solutions is used to understand
various problem-solving techniques and how they are part of the fabs' overall human
resource strategy.

3B.3 Why a Problem Solving Plan is Needed in Semiconductor Management

Problem solving includes taking care of unplanned and unanticipated changes and
implementing planned improvements. The planned part of change, which includes the
introduction of a new process or product, involves many more complex issues than most
unplanned problems faced by a fab. The management of change is a growing area of
interest by business researchers. If knowledge doubles every 40 years, as the saying goes,
then the amount of new information that needs to be incorporated into a fab is growing
rapidly over time. In today's business climate, changes in work process, organization, and
products are a bigger part of everyday working life than they have ever been.

In high tech industries, the diagnosis of problems is made especially difficult by the
extremely complex nature of the products, which have thousands of circuits on a chip the
size of a thumbnail.  Advanced defect detection is the ongoing solution to the detection of
defects. Also, given the short life cycle of most semiconductor products, new product
problems arise more often than in most other industries. Just when the production process
seems to be under control, a new product is introduced with a new set of tools.

Additionally, the cost of damage to wafers or equipment downtime caused by
problems can be painfully high in semiconductor manufacturing. The lost revenue from not
being able to sell a damaged wafer can be upwards of $250,000. Lengthy downtimes can
wreak havoc on cycle times and thus scheduling and on-time-delivery performance.

In particular, a semiconductor fab faces mishandling problems caused by poorly-
trained operators, including cooperation problems that effect worker morale and
productivity, and misprocessing problems caused by operator mistakes as well as
software, tools, and particles. These chaotic changes are exacerbated by an increase in
planned changes, such as NPI's, changes in work organizations and tasks, and changes in
ownership status.



Overall, problem solving skills and the proper management of change are
especially important in semiconductor manufacturing because of the high value of the
product, the short life cycles, and the difficulty in detecting problems due to the “high
tech” nature of the product.

3B.4  Examples of Problem Solving Management

Some of the interesting issues related to the management of problem solving are:
1) what is the organization of problem-solving methods, 2) does the magnitude of the
problem affect the type of methodology used to solve it, 3) can workers be taught
problem-solving techniques in order to increase their efficiency in finding solutions, 4)
does technology play a role in problem solving, 5) what is the relationship between teams
and problem solving, 6) what are the communication practices during the problem-solving
process, and 7) is it useful to explicitly compensate problem-solving success?

Organization of Problem Solving
The organization of problem solving at US1 and US2 involve the use of teams.2

There exists a separate team for line yield enhancement and one for cycle time reduction at
US1. The use of teams that are focused on the fab goals helps align the objectives of each
separate equipment group, the engineers, and the management so any solutions
implemented will be reinforcing.

The cycle time team was formed to improve the efficiency of the production of one
product at US1 that had cycle time three times higher than other comparable products.
The team was comprised of operators, technicians, supervisors, and engineers from
different equipment areas. They identified the critical operations that were causing bottle
necks and changed the training focus on the relevant machines. Within six months the
team had reduced the cycle time by 60%.

The organization of US2 is not by equipment area but by manufacturing, process
engineering, and maintenance. They also have line yield and cycle time teams. The cycle
time team developed a formal lot movement system that uses charts posted at key areas
within the fab. The charts have manually-updated time-coded colored tags that keep track
of the lots. The average cycle time was greatly reduced, and US2 ranks favorably on cycle
time compared to the other 15 fabs in our sample. However, US2 ranks poorly in the
other four performance measures in which they have not specifically found solutions.



The Magnitude of the Problem and the Type of Response
At US1, smaller problems are diagnosed and solved by a few workers on an

informal basis. For example, an operator took on a retical ink shift problem to solve by
himself. Using some basic experiments, he traced the problem to a missing operator step
that had previously been performed automatically by the tool. The operator wrote an e-
mail to the other operators and posted a sign near the equipment explaining the modified
procedure. Small problems at US2 are also solved directly by one or a few workers.

Do Workers Learn How to Solve Problems?
Both US1 and US2 teach formal problem-solving skills to workers in all job

categories. One supervisor at US2 used guidelines from a seminar on constructive
feedback to help mend a personnel problem between two operators. An informal group of
operators at US1 used brainstorming and troubleshooting techniques, which they had
learned in classroom training, to design a test to find out why a particular piece of
equipment was constantly malfunctioning.

Besides formal classroom training, workers can learn to solve problems by
examining a database of previous problems and their solutions at US2, since US2 is very
strict about documenting all problems and their solutions in a large database accessible by
keyword search. The database also contains information on the maintenance history of
each machine.

Workers also use e-mail to problem solve. A technician at US1 sent an e-mail to
technicians at other US1 fabs detailing a coat track problem. Not only did one of the other
technicians recognize the problem, but replied with a detailed solution.

At both fabs, operators were given the opportunity to learn how to use SPC,
which they could use to diagnose out-of-control situations. They could take classes in
SPC above and beyond their required training. In addition, the diagnosis of a problem and
prescription of a solution is a type of on-the-job training where learning occurs by being
exposed to problems and solutions. Many technicians felt that they learned more by
solving real problems than by hearing about theoretical issues.

The Role of Technology in Problem Solving
At US1, too many wafers were being lost because operators would enter the

wrong recipe. The operators got together and solved the problem by creating the "buddy
system," where before a recipe is loaded, a coworker's signature is required. In contrast,
US2 has automatic recipe download with the scanning of a bar code on the wafer tray.
This shifts the responsibility of using the correct recipes from the operators to the
engineers.



SPC data are manually entered into computers by operators at US1. The computer
tells the operator if the process is out-of-control. If so, the operator consults a list posted
near the equipment explaining the procedures to follow. At US2, SPC data are
automatically entered by the computer system. The operator gives the information to the
process engineer or equipment engineer for analysis. Additionally, the computer gives a
list of procedures for the operator to follow. In the future, US2 is planning to have SPC
data sent directly to the engineers so they can monitor the process from their desk.

According to an engineer in photolithography at US1, solving problems using SPC
has cut down the amount of time they spend analyzing bad wafers from two-thirds to one-
tenth of their workday.

The Use of Teams in Solving Problems
Lengthy downtime, whether planned or unplanned, can adversely affect

performance measures. Downtime can also be reduced with more efficient scheduling of
planned maintenance (PM) and quicker turnaround on cleaning equipment. A particular
piece of equipment at US1 would be down about 26 hours for each monthly PM. The
maintenance was supposed to be carried out by operators during their normal workday
when they had a chance. When the technicians mentioned the problem, a voluntary group
of operators formed a team, worked out a cleaning procedure with a technician and
engineer, eventually reduced the downtime to 6 hours. They also formed a schedule so the
work was spread evenly across the operators. These operators had access to the parts
room and replaced simple parts as needed; then they had technicians check the specs once
they had replaced the parts. They even created their own cleaning tools to speed up the
process.

Another team of operators was formed at US1 to solve the problem of moving lots
to the backgrind, which is located in a different building than the other process equipment.
The status quo was that operators, when they had a chance, would take lots to backgrind.
This led to trays piling up and excess capacity at backgrind. The solution, suggested by the
operator team, was to make a permanent position to move lots to the backgrind.
Operators would sign up on a scheduling sheet weeks in advance for the position to move
lots for one shift.

Supervisors at US2 felt that teams helped solve problems more effectively than
individuals because 1) a group of people is more likely than one person alone to
brainstorm more potential solutions and choose the best one, 2) peer pressure in a team
setting can increase the speed with which a solution is found, 3) formal teams create pride
and benefit from internal competition, and 4) communication is increased within teams.

TPM teams were formed at US2 for each machine to help guarantee high quality
products. However, we could not observe the efficacy of these teams because they had
only recently been formed.



Communication in Problem Solving
Teams help facilitate communication between workers. Teams at US1 meet twice

a day when trying to solve an unplanned problem. These meetings consist of updating
everyone on the progress of finding a solution and hearing additional ideas from team
members. Discussion by operators is encouraged and taken seriously at US1. As we have
seen, operators often come up with time-saving ideas, such as the PM solution, backgrind
lot tray mover, and a color coded system for tracking WIP.

An example of the lines of communication at US2 are illustrated by the problem
that arose where follow-on etch was etching out the sidewalls of the plugs excessively,
indicating insufficient Tungsten deposition. An operator noticed the problem at inspection
after metal etch, and he called the shift-based sustaining engineer right away, who in turn
called the process engineer. They all met, discussed the problem, and divided up tasks.
One engineer checked the database for earlier problems and searched on Sematech's
Internet site and their own company's Internet sites to see if a similar problem existed.
Another used SAS to do a commonality analysis and noticed that some of the chambers
were bad. At general group meetings for all engineers, this problem was raised and a
number of other engineers had valuable input. After determining the root cause, they
changed the torque specs for the pedestal and updated the vendor on their solution
Meetings like these help create lines of communication that are useful in problem solving.

Providing Incentives to Solve Problem
The PM team at US1 (discussed above) helped lead to the promotion of the main

operator on the team to technician. These are explicit parts of the career path and the
merit evaluations. The operators also created an "I Recommend" box where they can
recommend ideas to the managers. If an idea is adopted, the creator receives a gift
certificate. The operators feel that this gives them proper incentives to make
recommendations and that the managers take them seriously. At US2, the teams are given
monetary bonuses based on the quality of their work (whether it be problem solving in the
strict sense or general improvement of a situation).

Both fabs have national competitions for their teams where they compete against
other teams within the same company for a trip and an awards ceremony. The criteria are
based on the success of the team meeting its goals and the loftiness of the goals.

3B.5  Conclusion

The lessons learned from this case study are that employee involvement is an
important part of effective problem solving and that the challenges facing the work force
in terms of product demand and variety of products affect the types of problems and
effectiveness of the problem solving. Structuring an HR system for problem solving
includes using teams, teaching problem solving techniques, providing incentives, and
developing lines of communication. From the statistical section, we see that there are
differences in performance between US1 and US2 that are partially explained by human



resource components other than problem solving. In addition, external forces also explain
part of the differences in performance across the fabs.

US1 and US2 use teams to solve problems on both a continual and spot basis and
provide incentives to solve problems. Both fabs have primitive IT systems and do not have
automated recipe download, so operators mistakes are possible and SPC activities are
cumbersome and time-consuming. Workers are either directly compensated through
monetary and non-monetary awards or indirectly through promotions. Problem solving
skills are learned both in the classroom and on the job through training and through direct
exposure to problems. Workers are able to upgrade their own skills and thus make
themselves more valuable while at the same time improve the performance of the fab. In
general, US1 had good training and employee involvement programs, but there were few
challenges to be overcome in producing an older product. US2 had experienced and
trained production workers in a challenging production environment where engineers did
most of the problem solving.

                                               
1 This ranking is based on each fab's average ranking across five performance measures: defect density,
line yield, stepper throughput, cycle time per layer, and direct labor productivity.
2 See the Competitive Semiconductor Manufacturing Human Resources Project: First Interim Report,
Report CSM-09, edited by Clair Brown, September 1994. Chapter Seven by David Bowen has an in-depth
analysis of the use of teams in semiconductor manufacturing.


