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Welcome

Welcome to Volume 2, Issue 3 of the FabTime Cycle Time Management
Newsletter. By now, in this current industry slowdown, many of you have
discovered the number one way of reducing fab cycle times - just reduce
your start rate significantly. Not really the method that we at FabTime would
prefer to see in use, but what can we do? On the bright side, maybe this
slowdown will leave a little more time for thinking about other cycle time
improvement efforts, and putting things in place to help when start rates
increase again. Because of course they will increase eventually. This month’s
issue is dedicated to ideas for improving cycle time during a downturn.

In this issue, we also have some feedback from Brent Bogue regarding the
batch size decision issue (2.1), from Jerzy Tomasik regarding one of the
earlier issues on the P-K formula, and an additional reference on the lot size
question from issue 2.2. Also, a few people have asked lately for back issues
of the newsletter. I have a self-extracting archive that contains all of the
past issues as individual text files. If you would like a copy, just let me know.
You can also request the issues as individual text files, or in a zipped format.

Thanks for reading! We’re now at 322 subscribers, and counting! -- Jennifer
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Responses to Prior Newsletter Topics

Issue #2.2 (Should You Reduce Lot
Sizes to Reduce Fab Cycle Time?)

This is not a response exactly, but we came
across an article in Semiconductor Maga-
zine on how reducing lot size may increase
cycle time for 300mm fabs. The article is at
www.semi.org/web/wmagazine.nsf/url/
maghomet. The article explores the idea
that in 300mm fabs lot size may be re-
duced below 25 wafers. The author (Rafi
Maslaton of Tefen) mentions increased
load on operators (leading to larger
headcount), the effect on capacity, in-
creased setups, degraded batch efficiency,
etc., and concludes that the reduction in
theoretical cycle time from smaller lot sizes
will not compensate for increases due to
these other factors.

Issue #2.1 (Impact of Batch Size
Decision Rules on Cycle Time)

Brent Bogue (Amkor) sent in the following
comments: “I recently returned from the
Far East and read your last two newslet-
ters. What you described in the batching
process for Diffusion is something I did
back with Motorola at our MOS10 facility
in 1996-1998. We had great success
reducing not only Diffusion stage cycle
times, but we also had a favorable impact
on the reduction of overall fab cycle times.
The strength of your newsletter is that you
provide mathematical models and trend
charts to prove the common sense. I wish I
had those charts you put together to show
some old nay-sayers when I started out
reducing batch sizes. The old guard gave
me the evil eye, but they came around
once they saw fab cycle times reduced.”

Issue #1.3 (P-K Formula)

Jerzy Tomasik (TT) recently sent in the
following message: “Thank you so much
for the past issues. In reading through
them, I found the P-K formula discussion
in one of the first issues very interesting, It

provides theoretical basis for what we have
actually seen in practice. However, 1 did
run into some problems trying to plug real
numbers into the equation. In particular,
the third term of the equation has different
units then the first two terms, unless sigma
is in units reciprocal to lambda. Your
examples use 0 for no variability and 1 for
high variability. Is it per chance scaled to
the average service time? Without scaling
it this way I'm getting results which defy
intuition. For example, lambda=7, mu=10
and lambda=70, mu=100 give drastically
different WIP levels.”

Here is my response to Jerzy: “Yes, the
units of variance are units reciprocal to
lambda squared. For an exponential service
distribution, for example, sigma”2 is (1/
mu)”2. For a constant service time distti-
bution, sigma”2 is zero. Usually in my
examples I use exponential to represent a
high variability distribution. If I said that
the variance ranged from zero to one, that
was incorrect. The coefficient of variation
does range from zero to one, where the
coefficient of variation is the square root
of the variance divided by the mean. So, in
the exponential case, you have (1/mu)/(1/
mu) = 1.0. I was probably sloppy about
that somewhere (referring to the variance
where I should have referred to the coeffi-
cient of variation). The coefficient of
variation is basically a scaled, dimension-
less vetrsion of the variance, and is a
general representation of how variable a
distribution is (ranging from zero to one).
So, for both the exponential case and the
constant service distribution case, 1 think
that you do get the same results for
lambda=7, mu=10 and lambda=70,
mu=100 (because for the exponential case,
sigma™2 = (1/mu)”2). Because your
intuition is of course correct that the scale
shouldn’t matter (we should get the same
result whether we express the times in
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minutes or hours, for example, as long as
we're consistent about it).” And my thanks
go out to Jerzy for being thorough enough

to catch me on two issues that were
definitely unclear as initially presented.

Improving Cycle Time During a Downturn

Background

Downturns are a fact of life in the cyclic
semiconductor industry. Various factors
contribute to their existence - capacity
buildup (and the long lead-time required in
capacity purchases), decline in selling
prices, inventory build-up, and the general
state of the economy. This one seems to
have been triggered mainly by the last two
factors. This is a simplification, but basi-
cally a decline in consumer confidence and
spending led to a glut of consumer end-
product inventories, and a subsequent
sharp decline in orders across most sectors
of the chip industry. Industry analysts
think that this decline bears many similari-
ties to the downturn in 1984 and 1985.
(See the February 27th story on Semicon-
ductor Business News at

www.siliconstrategies.com/story/
OEG2001022750041 for details.)

The bad news is that this type of downturn
can strike very quickly (as I'm sure you
noticed), and revenues can drop quickly
and painfully. The good news is that this
downturn is likely not to be as long as
capacity utilization and selling price-driven
downturns such as the 1996-1998 down-
turn. Most analysts are predicting improve-
ment before the end of the calendar year.
IC Insights, for example, recently predicted
increasing sequential revenues by Q3 of
this year, based on data from the last five
downturns. (See the story at
www.icinsights.com/news/releases/
press20010301.html.) Of course the
situation can change quickly, but there
seems to be room for optimism.

The quickest way to reduce cycle time in a
wafer fab is to significantly decrease start

rates. This moves your factory to the left
on the cycle time vs. factory loading curve,
to a region of lower cycle times. You can
see a sample graph on our website, at
www.fabtime.com/ctcapac.htm#ctcap. It’s
kind of ironic, really. Just when customers
aren’t clamoring for product, your fab can
delivery product with record cycle time
and on-time-delivery performance. The
thing is, however, that it’s very easy under
these conditions to get a bit sloppy, and to
take the lower cycle times for granted. But
then when start rates begin to increase,
when customers are paying attention again,
your cycle times will degrade rapidly. If
you don’t have great cycle times now, you
certainly won't have great cycle times
when start rates go back up. Therefore, we
suggest using this time to focus on low
cost cycle time improvement efforts.

Some Suggestions for Cycle Time
Improvement During a Downturn

Setup/Dedication: During a downturn,
it’s more important than ever to get cus-
tom/qualification lots out quickly, so that
you don’t lose any orders. This may mean
doing more setups, even if the setup is
only done to get a couple of lots through.
If you have spare capacity, you can afford
to spend this time on setups, and the
additional setups will help to get things out
quickly. Therefore, our first suggestion is
to revisit setup and dedication schemes in
light of changes in start rate.

Process Analysis: You can also spend
time during a downturn finding out what
the real raw process time is for your prod-
ucts. For example, you could have some-
one hand-carry a lot through its process
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flow, recording only the time spent actually
processing the lot. Having accurate infor-
mation about the raw process time by
operation can be very helpful in setting
goals for operation cycle times (and, by
implication, overall cycle time). By com-
paring the theoretical cycle time by opera-
tion to the actual observed cycle time for
completed lots, you can identify operations
that are disproportionately increasing cycle
time. Once you identify them, you can
work on improvement.

Layout Analysis: Another thing that you
can do by hand-carrying a lot through its
process flow is map the process flow, and
looking for savings. Could you change the
layout and significantly reduce travel
distances? Are lots sitting waiting to be
grouped for transport somewhere? Could
you reduce the transport lot size, and
reduce this waiting significantly?

Bottleneck Analysis: A downturn could
be a good time to work with a local univer-
sity, and have some grad students in to do
an analysis of your bottleneck or near-
bottleneck areas. There are probably either
operational or process changes that could
be made that would improve cycle time,
and maybe even throughput, on your
bottleneck tools. But manufacturing
doesn’t generally have spare time to
investigate these changes, let alone having
spare time to answer questions from
students. So have them in during a down-
turn, when there is some capacity to spare
on the bottlenecks, and when the fab
manager might even have time to think
about the results of the analysis. You can
often get grad students to do this type of
work for free, because they are looking for
real-world problems. As a side benefit, the
students might be finished with their
degrees by the time the downturn ends,
and you’ll be in a good position to hire
them. FabTime can put you in touch with
Industrial Engineering professors at most

universities if you like - just send us an
email (Frank.Chance@FabTime.com or
Jennifer.Robinson@FabTime.com).

OEE/TPM Analysis: During a down-
turn, the traditional OEE of your tools
will decrease, due to an increase in standby
(idle) time. However, a downturn is a good
time to focus on improvements to equip-
ment availability, process speed, and other
attributes of OEE and TPM analysis.
Then when start rates begin to come back
up, your tools will have better perfor-
mance, and higher available capacity.

Simulation Model Validation: A simula-
tion model is an excellent tool for doing
what-if analysis. What would happen to
the cycle time if we changed the lot size?
What would happen to the cycle time if we
broke up this tool group into smaller,
dedicated groups? What would be the
benefit of an improvement in the down-
time on the bottleneck? The possibilities
are limitless. To be of interest to manufac-
turing, however, these analyses need to be
done using a model that bears some resem-
blance to the situation in the real fab. The
model doesn’t need to generate the exact
same cycle times, down to the minute.
However, the results of the model need to
be close enough to reality for manufactur-
ing to take them seriously as a reflection
on the real fab. All too often, simulation
models are not kept up to date with the
latest process, product mix, and equipment
changes. Then manufacturing doesn’t take
them seriously, and no matter what conclu-
sions the simulation analysts come up
with, the results are never implemented.
There are a number of underlying causes
for this problem, and it is not our intent to
dissect them all now. We just want to point
out that a downturn could be a good time
to update and validate your simulation
model, to get it closer to the real fab.

System Upgrades: Just as you can use a
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downturn to find time to upgrade your
simulation models, you can also take
advantage of extra fab capacity to perform
system software upgrades. This could
include version upgrades of your manufac-
turing execution system (MES) or other
manufacturing software, or operating
system upgrades on the computers that run
your MES and other fab software. You
probably pay a maintenance contract for
your MES, and have access to the upgrades
at no additional dollar cost, but you put
off doing the upgrade because it requires
taking down the whole fab for several
hours. Even during a downturn, this is
clearly a major headache for manufactur-
ing, but if you’re ever going to do it, better
now than later.

Education: When things are slower, it can
be a good time to work on education for
operators and supervisors. You can find
classes on cycle time, factory physics,
statistical process control, and theory of
constraints, for example (including one
from us on cycle time fundamentals).
We’ve found that people who work in
manufacturing generally have an intuitive
understanding of many of these concepts,
but can benefit from a more structured
educational approach. We recommend that
you find courses with plenty of graphs and
concrete examples. Of course it’s harder to
find money to pay for courses like these
during a downturn, but there are some
lower-cost options. Try your internal
industrial engineering department, or the
IE department at a local university, or
work with a consulting firm as a kind of
beta-tester for their courses. And, of
course, you can forward FabTime’s free
newsletters to people within your company
- we’re always happy to have more readers,
and price is certainly right!

One-Sentence Summary
If you don’t have great cycle times now,
you certainly won’t have great cycle times

when start rates go back up, so you should
focus on low-cost improvement efforts to
achieve the best possible cycle times now.

Conclusions

A downturn is a tough time - stressful,
hard on your stock portfolio, and filled
with the specter of layoffs. But it does
offer at least one potential benefit: time to
think. Time to think about manufacturing
issues like lot size and batch size policies.
Time to think about tool dedication
schemes, and layout changes. Time to get
your fab in order, and drive your cycle
times to a minimum, before the next
upturn comes along;

Additional References

B S. Brown, J. Domaschke, and F Leibl,
“No Cost Applications for Assembly Cycle
Time Reduction,” Proceedings of the 1999
International Conference on Semiconduc-
tor Manufacturing Operational Modeling
and Simulation, 1999 Western
MultiConference, January 17-20, 1999, San
Francisco, CA. Edited by John W. Fowler,
Jeffery K. Cochran, and Courtland M.
Hilton. Though not about wafer fab, this
paper is a nice example of identifying low
cost areas for cycle time improvement.
You can request this paper from
www.fabtime.com/abs_ NoCost.htm.

B | Bonal, M. Fernadez, O. Maire-Richar,
S. Aparicio, R. Oliva, S. Garcia, B.
Gonzalez, L. Rodriguez, M. Rosendo, ].C.
Villacieros, and J.Becerro, “A Statistical
Approach To Cycle Time Management,”
Proceedings of the 2001 Advanced Semi-
conductor Manufacturing Conference
(ASMC 01), Munich, Germany, 2001. This
paper describes a cycle time reduction
method used by Agere System in Madrid.

B N. S Grewal, A. C. Bruska, T. M.
Whulf, and J. K. Robinson, “Validating
Simulation Model Cycle Times at Seagate
Technology.” In Proceedings of the 1999
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Winter Simulation Conference, ed. P. A.
Farrington, H. B. Nembhard, D. T.
Sturrock, and G. W. Evans, 843-849.
Institute of Electrical and Electronics
Engineers, Piscataway, New Jersey, 1999.
This paper specifically addresses the issue
of validating a simulation model against a
real fab. You can request this paper from
www.fabtime.com/abs_Sea99.htm.

There are many more references on cycle
time improvement projects. Some describe
actual changes made in factories, while
others describe simulation analyses. Refer-
ences to a number of these studies can be
found at www.fabtime.com/CTBiblio.htm.
We have abstracts to most of the papers,
so let us know if you want more informa-
tion.

Community News/Announcements

SMOMS Conference

The 2001 International Conference on
Semiconductor Manufacturing Operational
Modeling and Simulation (SMOMS °01)
will be held April 22 - April 26, 2001, at
the Renaissance Madison Hotel in Seattle.
This conference is part of the 2001 Ad-
vanced Simulation Technology Conference
(ASTC ’01), sponsored by the Society for
Computer Simulation. The organizers for
SMOMS are basically the same people who
organized the MASM (Modeling and
Analysis for Semiconductor Manufactur-
ing) conference in 2000, and this year’s
SMOMS looks like it will be another good
conference. The preliminary program is
available in PDF format from

www.scs.otg/confernc/
coninfo.html#astc2001 (right-click on the
preliminary program link and select
SaveAs). There appear to be many interest-
ing papers. This PDF file also contains
conference registration forms. You can
save $60 by registering before March 28th.
You also might as well sign up for the
Society for Computer Simulation, since the
$85 membership fee is deducted from the
conference registration fee for members.

FabTime welcomes the opportunity to
publish announcements for individuals or
companies. Simply send them to
Jennifer.Robinson@FabTime.com.

FabTime Recommendations

B FindArticles: www.findarticles.com -
this is a searchable archive of articles from
about 300 magazines and journals. Maga-
zines are grouped by subject, so that you
can search only within a specific area of
interest. The computers and technology
magazines include the standard PC maga-
zines, as well as Hewlett-Packard Journal,
Electronic News, and Electronic Business.
The search +“cycle time” +semiconductor
across all magazines finds about 500

articles, while the search “semiconductor”
+downturn finds 880 articles. The blinking
ads are a bit annoying, but you can find
some useful information.

B Hot Lot Article: www.glue.umd.edu/
~cjpo/Hotlot.html - this is a link to a nice
article on hot lots in wafer fabs, by Casey
O’Connor and Liyu Yang, It’s basically a
summary of research by a number of
people, rather than presenting much new
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information, but you may find it useful to
have all of these hot lot-related references
in one place.

B AtomTime: wwwatomtime.com -
Frank and I have both been using

AtomTime since the beginning of the year.

From AtomTime’s website: “AtomTime98
is a 32-bit Windows Internet (Winsock)
application which will connect to the
Atomic Clock time server in Boulder,
Colorado (USA) and fetch the current
atomic clock time value. It compares this
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