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Welcome to Issue #7 of  the FabTime Cycle Time Management Newsletter.
This month we have a response from Walt Trybula of  SEMATECH to last
month’s performance measurement topic. Walt poses a question regarding
tool performance by drawing a simple analogy to the interest earned in a
bank. The idea is that if a bank told you that your interest rate was 6%, but
only applied that interest to your account when the bank was open, you
would in actuality have a much lower rate of return then 6%. And yet we
buy tools rated at 120 units per hour, when that 120 uph only applies to
time when the tool is up and running at peak performance.  It’s an interest-
ing and thought-provoking perspective.

This month’s main topic is improving factory cycle time by making changes
at non-bottleneck tools. We have talked recently about theory of  constraints,
and we believe, as TOC advocates, that you should pay attention to your
bottleneck tools. And we agree with the TOC fundamental that you can
only improve your factory capacity by improving the capacity of  the bottle-
neck. However, the same is not necessarily true regarding cycle time. Cycle
time improvements at non-bottleneck tools can directly reduce total factory
cycle times. This issue gives simple, concrete examples as to why this is true.
We also have several job change announcements in this issue - not so sur-
prising in today’s dynamic marketplace. If  anyone else has a job change
announcement, or would like to post a notice for an open position, please
let us know. And as always, thanks for reading!
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bottleneck is obvious. And in fact, the
bottleneck is a good place to start cycle
time improvement efforts, since you
probably have a large queue there, and
plenty of waiting time. The purpose of this
article, however, is to point out that you
can ALSO reduce cycle time by making
changes at non-bottleneck tools. This is far
less obvious. With throughput, it doesn’t
matter if you process at a higher rate at
non-bottleneck tools, because things get
held up at the bottleneck anyway. Some-
times this happens with cycle time, too.
But not always. We’ll divide the discussion
below into three cases: tools located after
all visits to the bottleneck in the process
flow, tools located before all visits to the
bottleneck, and tools located between
visits to the bottleneck.

Introduction
Back in issue #4 we talked about the
theory of constraints, and the importance
of locating and focusing on the bottleneck.
Because, of course, the capacity of a fab is
limited by the capacity of the bottleneck.
As Goldratt said: “An hour lost at the
bottleneck is an hour lost for the entire
system.” If you want to improve through-
put for your fab, you need to start with the
bottleneck (or bottlenecks), and work from
there. However, this is not true when
you’re trying to reduce cycle time. We
believe that you can reduce overall cycle
time by reducing cycle time at any tool
group in the factory.

The notion that you can improve overall
cycle times by reducing cycle time at the
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Improving Factory Cycle Time at Non-Bottleneck Tools

From Walt Trybula (SEMATECH): “Here
is a challenge for your readers. If  you
invest $1,000 in a certificate of deposit at
6%, what is the total value of your invest-
ment at the end of one year? According to
most people, it should be $1,060. How-
ever, let’s consider the utilization of  the
money. First, the availability of  accessing
the money is limited. Weekends provide
restricted access - sort of downtime for
maintenance. So the 52 weeks have 104
days of maintenance. Therefore a 6%
return of the available scheduled time is
actually 4.3% (263/365 days times 6%).
On the other hand, the time that you can
access your money is limited to the hours
of  8AM to 5PM or 9 hours a day. If  your
annual return were 1.6% or $16 on a
$1,000, it could be claimed (by the same
method used for equipment) that the
return was 6%! Obviously an exaggeration
- or is it?

There are stepper manufacturers that
advertise rates of 120 wafers per hour or
higher. If  one considers a 5,000 wafer start
per week facility with 20 levels, the total
number of levels is 100,000 per week.
There are 168 hours a week. This implies
that an average of 595 wafers per hour
must be processed. At a rate of 120 wafers
per hour, this implies that at maximum
efficiency (100%), the facility would need
5 steppers!!! At 50% efficiency (60 wafers
per hour), there would be 10 steppers
needed. In actuality, the number of  step-
pers is a number that is greater than the
number of  levels. So what is the efficiency
of the steppers? Ask in the industry and
you will find numbers that approach 50%.
Is it the $16 or the $60 that is the 6%
return? Obviously, it depends on the case
in question.” If anyone has a response to
Walt’s question, we would be glad to hear
it.

Response To Last Month’s Discussion Topic
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“An hour lost at
the bottleneck is an

hour lost for the
entire system.”

Tools Located After the Bottleneck
Cycle time improvements that take place
at tools after the bottleneck in a process
flow have a direct impact on overall cycle
time. For example, suppose that you have a
very simple production line, with two
operations in series. The first operation
takes place on Tool B (the bottleneck), and
takes two hours per lot, on average (in-
cluding any queue time). The second
operation takes place on Tool C, and takes
one hour per lot. The total average cycle
time is three hours:

Start -> Tool B (2 hours) -> Tool C (1
hour) -> Ship (Total Cycle Time = 3
hours)

If  you now make improvements to Tool C
such that the average cycle time is only 30
minutes, making no changes to Tool B,
then the total average cycle time decreases
to 2.5 hours:

Start -> Tool B (2 hours) ->
Tool C (0.5 hours) -> Ship
(Total Cycle Time = 2.5 hours)

--> Reducing Tool C’s cycle
time by 30 minutes directly
reduces total cycle time by 30
minutes.

In a more complex environment, with
reentrant flow, you still see this improve-
ment for operations that take place after all
operations on the bottleneck. To expand
the example above, suppose that lots go
through a process flow that looks like this:

Start -> Tool B (2 hours) -> Tool C (1
hour) -> Tool B (2 hours) -> Tool C (1
hour) -> Ship (Total Cycle Time = 6
hours)

Suppose now that we make improvements
to Tool C such that the average cycle time
per visit is 30 minutes.

Start -> Tool B (2 hours) -> Tool C (0.5
hours) -> Tool B (2 hours) -> Tool C (0.5
hours) -> Ship (Total Cycle Time = ???)

With no other changes, lots will get to their
second visit at Tool B 30 minutes earlier.
They might have to wait an extra 30
minutes before getting through Tool B on
this visit, canceling out the savings (more
on this in a later section). However, on the
second visit to Tool C, the 30 minute
savings is still a keeper, and the overall
cycle time is reduced by at least 30 min-
utes, from six hours to 5.5 hours.

--> Reducing Tool C’s cycle time by 30
minutes per layer may only reduce total
cycle time by 30 minutes.

Tools Located Before the Bottleneck
Cycle time improvements at operations
that take place before the bottleneck can
reduce cycle time by lowering the lead time
that you use to allow lots to get to the

bottleneck. For example,
suppose we have another
production line in which lots
first go to Tool A for one hour,
and then go to Tool B (the
bottleneck) for two hours. If
we follow a theory of con-
straints methodology, and
release lots into the system

according to the rate at which the bottle-
neck can handle them, then we release lots
an hour before we would like them to be in
queue for Tool B, and we have a total cycle
time of three hours:

Start -> Tool A (1 hour) -> Tool B (2
hours) -> Ship (Total Cycle Time = 3
hours)

If, however, we make improvements to
Tool A that reduce the average cycle time
to 30 minutes, then we can actually wait
an extra 30 minutes before releasing lots
into the system (in order to keep things the

FabTime
Cycle Time
Management
Newsletter

Volume 1,  No. 7 Page 3



same at the bottleneck). Thus we can
reduce the average cycle time to 2.5 hours
by releasing lots 30 minutes later relative
to when they will be needed at the bottle-
neck:

Start (one-time delay of  0.5 hours) -> Tool
A (0.5 hours) -> Tool B (2 hours) -> Ship
(Total Cycle Time = 2.5 hours)

--> Reducing Tool A’s cycle time by 30
minutes, and delaying additional starts for
30 minutes, directly reduces total cycle
time by 30 minutes.

Tools Located Between Visits to the
Bottleneck
Because of  reentrant flow, the situations
described above only represent a portion
of  the operations in a wafer fab. Many
operations take place after one visit to the
bottleneck and before another visit, like
the first visit to Tool C in the B - C - B - C
example described above. The impact of
cycle time reductions at such
operations is less clear. In many
cases, these changes improve
overall cycle time by smoothing
the flow of WIP to subsequent
bottleneck operations. This is
especially true if  the bottleneck
is sometimes starved, because
the change will mean that lots
sit in queue in front of the
bottleneck, rather than being at
a non-bottleneck. This can lead to signifi-
cant improvements in overall cycle time. In
other cases, the lots simply end up spend-
ing the time saved at Tool C sitting in
queue at Tool B. However, we don’t
believe that this will ever make the total
cycle time through Tool B and Tool C
worse, because the total arrival rate to
Tool B remains the same, and the variabil-
ity of arrivals should always be decreased
by improvements at Tool C.

We would also like to add that predicting

the exact impact of an improvement to
Tool C, even in this very simple case, is
non-trivial. Try constructing a sample
event-by-event timeline, and you’ll see
what we mean very quickly. Now magnify
this by 600 steps, to represent the situation
in a real wafer fab. However, what we
believe is that if  improvements at Tool C
might make things much better, and won’t
make things worse, there’s good reason to
go ahead with an improvement program for
the non-bottleneck Tool C, in addition to
any that might already be in place for the
bottleneck Tool B. Note that this is a good
use of simulation, to test out the potential
impact of cycle time improvements at non-
bottleneck tools.

How Do You Improve Cycle Time at
Non-Bottleneck Tools?
If we’ve convinced you that cycle time
improvement programs at non-bottleneck
tools makes sense, a logical question to ask
is: what specifically should you do? Of

course there are many possible
answers. We’ve drawn the list
below from published studies,
as well as from our own experi-
ence. (This list is reprinted
from our paper “Wafer Fab
Cycle Time Management Using
MES Data,” which you can
request from www.fabtime.com
/abs_MASM00.htm.)

Eliminate large minimum batch size
requirements for all but very highly loaded
tools.

Cross-train equipment maintenance
personnel, to reduce long delays waiting
for the right repair person.

Reduce tool dedication.
Cross-train regular operators to handle

more types of equipment, and to balance
schedules.

Change preventive maintenance
schedules to minimize variability.

“actions that you
take to improve
cycle time at non-
bottleneck tools
often improve

overall cycle times”
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Modify setup avoidance policies to
ensure that low-volume products are not
excessively delayed.

Reduce transfer lot batch sizes.
Modify lot release policies to smooth

flow through the early steps of the process
(lower variability).

Explore process changes to alleviate
single-pass operations, e.g. operations that
can only be performed on a single piece of
equipment.

Explore batching rules, to make sure
that all lots that can be batched together
are batched together (eliminate unneces-
sary waiting to form batches)

Check batching and setup assumptions
for rework wafers. The entire parent lot is
usually delayed whenever the rework
wafers are waiting for processing. Also
make sure all operations within the rework
loop are necessary.

Perhaps some of  your have other sugges-
tions to add - we would like to hear them,
and I’m sure that our other readers would,
too.

Conclusions
Our point is very simple: actions that you
take to improve cycle time at non-bottle-
neck tools often improve overall product
cycle times. For operations located before
the first visit to the bottleneck, or after the
last visit to the bottleneck, the cycle time
reduction leads to an essentially direct
reduction in the overall cycle time. For
intermediate operations the situation is
less clear, but we believe that improve-
ments here can sometimes improve cycle
time dramatically, and in the worst case,
will not make cycle time any worse. If you
focus your efforts strictly on bottleneck
tools, then, you miss out on many opportu-
nities for improvement.

Community News / Announcements

Job Change Announcement - Brent
Bogue
Brent Bogue recently left Motorola, where
he worked for the past seven years, to take
a job with Amkor. His new position will
involve developing operational excellence
within the factories that report under the
World Wide Test organization of  Amkor.
Prior to working for Motorola, Brent
worked for 11 years at Western Digital.

Job Change Announcement - Guy
Gandenberger
Guy Gandenberger recently left National
Semiconductor, where he was Managing
Director of the Santa Clara wafer fab
operations. He is now working as Manag-
ing Director of  Wafer Fabrication for
Micrel Semiconductor, where he has
responsibility for both the San Jose and

Santa Clara fabrication facilities. He
started this new position on September
29th.

Job Change Announcement - Steven
Simmons
Steven Simmons recently left Micron
Technology, where he headed up Yield
Modeling and Ramp Optimization to take
a position with LSI Logic in Fort Collins,
CO. His new responsibilities will include
capacity modeling and management,
supply-chain optimization, and demand-
management.

FabTime welcomes the opportunity to
publish announcements for individuals or
companies. Simply send them to
Jennifer.Robinson@FabTime.com.
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FabTime Recommendations
Some of you probably already sub-

scribe to FutureFab magazine. This week
we took at look at their website
(www.future-fab.com), and found a number
of papers related to Manufacturing Pro-
ductivity: Methods & Enablers available
for download. Just select “Manufacturing
...” from the “Select A Topic” drop-down
list.

FabTime’s book recommendation of
the month for November is “The Non-
Designer’s Design Book” by Robin Will-
iams. This book postulates four basic
design principles for conveying informa-
tion effectively. We think that it's helped
us, and wanted to share the reference with
you. You can find the review at http://
www.fabtime.com/designer.htm.

Subscriber List

The SEMATECH website has a nice
list of resources for the industry at http://
www.sematech.org/public/resources/
virtlib/index.htm. Included are definitions,
acronym lists, and various organized
collections of  internet resources. I like the
Quick Reference Shelf, which has links to
things like currency counters, zip codes,
online calculators, etc. Nothing you can’t
find elsewhere, but it’s a convenient and
well-organized starting point. For some-
thing similar, without the semiconductor
industry slant, try CEO-Express
(www.ceo-express.com). CEO-Express
also has a nice combined search engine
that checks 11 search engines, and catego-
rizes the results for you.

Total Subscribers: 233

Advanced Energy Industries (1)
Advanced Micro Devices (11)
Agilent Technologies (1)
Amkor (2)
Analog Devices (2)
Applied Materials Corporation (3)
Arizona State University (2)
Artest Corporation (1)
Atlantic Technologies Ltd. (1)
AT & S India Limited (1)
BP Solarex (3)
Carsem M Sdn Bhd (1)
Chartered Semiconductor Mfg (3)
Clarkson University (1)
Cofer Corporation (1)

Dallas Semiconductor (4)
Dick Williams and Associates (1)
DomainLogix Corporation (1)
Durham ATS Group (2)
E-Tek Dynamics (2)
FabTime (2)
Gintic Institute of  Mfg. Technology (1)
Headway Technologies (4)
Hewlett-Packard Company (2)
Hyundai Semiconductor America (2)
IBM (4)
Infineon Technologies (16)
Intarsia Corporation (2)
Integrated Technologies Company (2)
Intel Corporation (15)
James Nagel Associates (1)
Ken Rich Associates (1)
Lexmark International, Inc. (1)
Lockheed Martin Fairchild Systems (1)
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LSI Logic (5)
Lucent Technologies (1)
Macronix International Co. (1)
Maxim Integrated Products, Inc (1)
Metrology Perspectives Group (1)
Micrel Semiconductor (1)
MicroVision-Engineering GmbH (1)
Mitel Semiconductor (8)
Motorola Corporation (25)
MTE Associates (1)
Multimedia University (1)
Nanyang Technological University (1)
National Semiconductor (7)
Nortel Networks (3)
Oklahoma State University (1)
ON Semiconductor (4)
Penn State University (1)
Philips Semiconductors (2)
Powerex, Inc. (1)
Productivity Partners Ltd (1)
Raytheon (1)
Read-Rite Corporation (1)
RTRON Corporation (2)
SAMES (1)
Samsung Semiconductor (2)
Seagate Technology (9)
SEMATECH (8)
Solectron Corporation (1)
SSMC (1)
STMicroelectronics (8)
Synergistic Applications, Inc. (1)
Synquest (4)
Takvorian Consulting (1)
TDK (1)
TECH Semiconductors (2)
Texas A&M University (1)

Texas Instruments (5)
TRW (1)
University of Arkansas (1)
University of California - Berkeley (1)
University of Maryland (1)
University of Virginia (1)
University of  Wuerzburg (Germany) (2)
Wacker Siltronic AG (2)
White Oak Semiconductor (2)
Unlisted Companies (3)

Independent Consultants:
Stuart Carr
Alison Cohen
Doreen Erickson
Ted Forsman
Dan Theodore
Craig Volonoski

Note: Inclusion in the subscriber profile for
this newsletter indicates an interest, on the
part of individual subscribers, in cycle time
management. It does not imply any en-
dorsement of FabTime or its products by
any individual or his or her company. To
protect the privacy of our subscribers,
email addresses are not printed in the
newsletter. If  you wish contact the sub-
scribers from a particular company directly,
simply email your request to the editor at
Jennifer.Robinson@FabTime.com. To
subscribe to the newsletter, send email to
the same address. We will not, under any
circumstances, give your personal informa-
tion to anyone outside of FabTime.
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