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Welcome

Welcome to Vol. 26, No. 3 of the FabTime Cycle Time Newsletter. For our main topic, we turn from
moves (discussed previously) to tool availability, once again seeking clear definitions to meet the
varied needs of wafer fabs. We also have subscriber discussion about estimating process time
variability and increasing fab automation. We have announcements about recent and upcoming
FOA meetings as well as new releases of our FabTime reporting software and Digital Twin.

Thanks for reading! — Jennifer
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Community News/Announcements

In this month’s community announcements, we have highlights about recent and upcoming FOA
meetings as well as new releases of our FabTime reporting software and Digital Twin. To suggest
announcements, please reach out to Jennifer via this form.

Highlights of the Q2 FOA Meeting
The Q2 SEMI Fab Owners Alliance meeting was held at the Honeywell fab in Plymouth, MN.

Jennifer was honored to moderate a panel discussion of device makers. The goal of the panel was
to give the supplier community a picture of the concerns and priorities of the local device makers.
Jennifer interviewed Dan Baseman of Honeywell, Alvin Kolkind of SkyWater and Craig Mattson of
Polar Semiconductor (shown left to right below).

INFICON'’s John Behnke also presented to the FOA device makers on Building Tomorrow’s Smart
Factories today. INFICON sponsored the Thursday evening social event, which was held at
WhirlyBall Twin Cities.

The next FOA meeting will be held July 29-30 at the Analog Devices fab in Beaverton, OR. That
meeting will include a Women of the FOA event, which Jennifer plans to attend.

Other Upcoming Events

In other conference news, the Advanced Process Control - Smart Manufacturing conference
(APCSM) will be held September 22-25 at Cliff Lodge at Snowbird in Snowbird, Utah. And, of
course, SEMICON West will be on October 7-9 and will be (for the first time) held in Phoenix, AZ.

FabTime Standalone 2503.0.0 Released

The FabTime team is delighted to announce the newest release of the standalone (SQL Server)
version of FabTime. This version includes two major enhancements:

FabTime Cycle Time Management Newsletter — Volume 26, Number 3 — Presented by INFICON 2
© 2025 by INFICON Inc. All rights reserved. Subscribe at https://www.inficon.com/en/fabtime-registration.



https://www.inficon.com/en/fabtime-registration
https://www.inficon.com/en/reach-out-to-jennifer
https://www.semi.org/en/communities/foa
https://www.apcsmconference.com/

1. Boxplot support for stacked charts. This expands the range of boxplots in FabTime to
answer questions like “Do our 5x Steppers have similar qualifications and performance?”
(shown below) and “Is our WIP distributed equally across our line segments?”

Do our 5x Steppers have similar qualifications and performance?
Each circle shows the number of moves performed by the tool in one day.
Fab20 Moves stacked by Tool
From: 03/02/2023 06:00, To: 03/30/2023 06:00, Prior Month by Days, ToolGrp: 5XStep
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2. Natural language querying of past FabTime newsletters via the Asklen™ chat engine.
Questions can be asked in a variety of languages, including English, Japanese, and German.
The new AsklJen control appears in the FabTime navigation bar (after running a few simple
lines of code at the site level to enable it). A short example of a question and response is
shown below.

What is the Hawthorne Effect?

The Hawthorne Effect refers to the phenomenon where productivity increases
as a result of the attention received by workers. This effect was named after a
series of studies conducted at the Western Electric Hawthorne plant in the
early 20th century. Initially, the studies aimed to understand the impact of
lighting levels on worker productivity. It was found that productivity increased
with higher lighting levels. However, in a parallel experiment where lighting
levels were decreased, productivity still went up, even under very low lighting
conditions. The researchers concluded that the increase in productivity was
due to the attention workers received during the studies, rather than the
changes in lighting. This effect highlights the importance of social factors and
attention in the workplace.

For more details, refer to FabTime Newsletter, Volume 1, Number 1.
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This version also includes several bug fixes related to the introduction of our NextGen charting
engine. While no action is immediately required, we do expect to switch the default to the
NextGen engine in the next FabTime release (2509).

One other bug fix that is of special relevance to the newsletter community: the Operating Curve
chart in FabTime now more accurately supports tool groups with multiple tools. The underlying
calculations match the calculations in the Operating Curve Spreadsheet used in our Cycle Time
Management Course.

Finally, patch installation is simplified. This release can be applied to any FabTime Standalone
server running Patch 115 Build 16 or later. If you are interested in upgrading to this new version,
please contact your FabTime site support engineer (or reach out to Jennifer, who can pass along
your request).

Updated machine learning method in the INFICON Digital Twin for
calculating machine process times

One of the key pieces of predictive information built into the INFICON Factory Digital Twin is
process time. When you consider a problem like scheduling, where algorithmic approaches often
build millions of schedules before choosing the “best” one, you must be able to always and
quickly answer the question: “If | put this lot on this tool, how long will it take to process?”

The INFICON Data Science team will be releasing a significantly upgraded machine learning model
for process time prediction in June as part of Factory Digital Twin version 2509. The new model
represents a ~30% improvement over the previous model in prediction accuracy as measured by
reduction of mean absolute error. Better process time estimation means better scheduling, and
ultimately, better factory efficiency. This is one of many examples of Al enhancements running live
inside our Factory Digital Twin. Contact us for more information.

Interesting Reads

Semiconductor Insights and Productivity Tips

Recent articles shared on Jennifer’s LinkedIn include:

e Aninteresting post from Thomas Beeg at his Factory Physics and Automation Blog about
the importance of carrier location tracking, and how to add an RFID tracking system to a
legacy wafer fab (Part 2 of a series). See also Thomas’ survey about the state of wafer fab
automation.

e Apiece in Axios about TSMC's efforts to build a pipeline for the thousands of new workers
it expects to hire in Arizona over the next few years. “The company recruits engineers
across the U.S. but hires the majority of them from ASU... (which) has quickly developed
new microelectronics programs to meet the growing workforce need and student interest
in the field.”

e See also this piece in the WSJ about how kids who take shop class are getting $70k job
offers while they are still juniors in high school.

For more industry news, connect with Jennifer on LinkedIn.
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Subscriber Discussion Forum

We have discussion this month about using the departure process to estimate the CV of effective
process times for a tool, and about the impact of increased fab automation. If there is a topic
you’ve been wondering about, please let us know.

Impact of increased automation on fab operations

A new subscriber wrote to Jennifer on LinkedIn to ask: “In your experience, how does automation
change the way of working in Fab Operations — particularly regarding roles like operators, first-line
support, shift leads, area team leads, and managers?”

Response from Jennifer: This is not something we’ve written about, but | think it's an excellent
topic for a future issue. In general, the more automation in the fab, the more necessary (and
feasible) it is for a fab to implement a scheduling system. Then, once there is a scheduler in place,
front-line manufacturing personnel start to rely more on the scheduler and less on individuals
making their own decisions.

This evolution is happening in fabs across the industry and will accelerate with the advent of Al
solutions. As fabs become ever smarter, more decision-making will be automated, and fewer levels
of management will be needed. What will remain needed, however, are people to tune the
computer systems to make sure they are working properly, and people who can physically repair
tools when there are problems. Of course, there will be a lot that current managers and operators
will continue to do during the transition. None of this is going to happen overnight.

I’'m opening up this question to other subscribers, as I’'m sure we have readers who have been
through and are going through this transition. If enough people share their stories, I'll work on
writing them up for a future article. Thanks for asking a great question!

Using the CV of the departure process from a tool to estimate process time
variability

A long-time subscriber wrote: “At my company, we are challenged with cycle time for
development process flows that have many single thread tools and engineering holds. Many
subgroups are working on various things. My subgroup is looking at ‘lost revenue due to down
one-of-a-kind tools.” So, if a lot is held up at a tool, the lot can’t move through the next 2/3/4 steps
either. Because our customers pay us for wafer/step movements, our revenue flows experience a
time delay vs. having no down tools.

We are trying to use queueing formulas to estimate the cycle time impact. We are going to set the
arrival coefficient of variation (CV) of lots going into the tool to be one, as we don’t have the
capability of calculating that more accurately due to myriad input paths. But we need a way to
estimate the CV of the sequence of process times on the tool. What we’re trying to do is use the
time between lots leaving the tool to get an estimate of the CV of the process times.

If the exit times of 100 individual lots are known (all different times coming out of the tool), is
there a way to pull from an equation or table what would be the CV? We know that the lot-to-lot
time is a distribution, but we haven’t found a way to turn that into an actual CV number.”

Response from Jennifer: It seems valid to me to use the departure process as a proxy for the CV of
the process times for tools that are heavily loaded. If you try to do this for lightly loaded tools,
you’ll end up with a considerable (and varying) amount of idle time in the measurements of times
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between departures, and you will likely overestimate the process time variability. The other thing
about using the departure process, as I’'m sure you understand, is that you’ll be capturing the CV of
the effective process time, where you are treating any unavailable time or setup time as part of
the effective process time of the next lot that is processed. Effective process times are hard to
calculate from move ins (you have to keep track of which lot was at the front of the queue when a
setup or downtime occurred, but you can have other lots that arrive and preempt that lot, so the
calculations are fairly complex). This means that looking at the departure process is a reasonable
idea for capturing process time variability, at least for heavily loaded tools.

| looked at a couple of examples of this from our FabTime demo server. CoatA#4 is a very low
utilization tool (~54%) while lonHigh#4 is a high utilization tool (near 100%) that has poor uptime.
The Gantt chart below shows the tool states over a week for each tool.

Tool States over a week for two tools with different utilization and downtime characteristics
Fab20 Tool State Gantt
From: 04/11/2023 06:00, To: 04/18/2023 06:00, Relative Day -7 to -1, Tool: Coat A#4, Ion High#4
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Using a spreadsheet, | looked at the sequence of process times for each tool and calculated the CV
of the time between departures and the CV of the sequence of actual process times (note these
are actual process times, not effective process times). Those values are quite different, as shown.

Coat A#4 (low utilization) lon High #4 (high utilization)

Elapsed Hours Elapsed Hours

Time between Outs (process time) Time between Outs (process time)
Average 5.734 1.398 1.360 0.948
Std. Dev. 13.765 0.276 2.000 0.103
v 2.401 0.198 1.471 0.109

What | think is that the CV values in the first column for each tool, which represent the departure
process/effective process times, do look more realistic in terms of capturing the variability of the
system, especially for the higher utilization lon Implanter. The question is what to do for the lower
utilization tool, where the CV estimate is inflated by the instances of idle time on the Coat tool (the
gray bars in the above Gantt chart). Does anyone have ideas on this?

We welcome the opportunity to publish subscriber discussion questions. Submit responses here.
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Main Article: What do we mean when we refer to tool
availability?
By Jennifer Robinson

In the previous newsletter, we talked about move definitions, and how different wafer fabs define
moves differently. A metric that has long been part of the FabTime reporting software, and that
has different possible definitions for different situations, is tool availability. In this article, we
review four possibilities and provide clear naming and use cases.

What is Availability?

The SEMI E10 standard says that availability is “the probability that the equipment system will be
in a condition to perform its intended function when required.” We can calculate this probability
by taking “time that the equipment is in a condition to perform its expected function” and dividing
by some measure of overall time.

Time in Good Condition

Availability =
Overall Time

There are two ways to think about the numerator, “time that the equipment is in good condition,”
and two ways to think about the denominator, “overall time.” Each of these is consistent with the
SEMI E10 tool states, which are shown below. We need to ask:

d Does “Time in Good Condition” include Engineering?
O Does “Overall Time” include Non-Scheduled Time?

SEMI E10 Tool States and Associated Time Buckets

Scheduled Downtime T

Operations Time

T Total Time

Standby Time

Equipment Uptime

Manufacturing
Time
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Let’s take the numerator first. We're seeking the time interval that the equipment is in good
condition to perform its intended function if required. We clearly want to include productive time
(when the equipment is actually performing its intended function) and standby time (when the
equipment is ready to be used if required).

But what about engineering time? From the equipment engineer’s perspective, if the tool is
available to be used by manufacturing or process engineering, then it’s up. Therefore, from this
perspective, engineering time should be included in equipment uptime. On the other hand, from
the manufacturing supervisor’s perspective, if a process engineer is using the tool to run
experiments, the tool is not available to be used by manufacturing. It would be helpful to have a
version of availability (or something like availability) that focuses on when the tool is available to
the manufacturing organization and does not include engineering time in the numerator.

Now let’s consider the denominator. The obvious denominator for availability is total time. How
much time is the tool available for us out of total time? However, we need to think more carefully
about non-scheduled time. What if we turn off a tool for a month during a downturn, setting its
status to “non-scheduled time?” Should we (effectively) penalize the equipment engineers for that
non-scheduled time, even if the decision to use non-scheduled time was made for business
reasons? Or would it be better to use operations time (everything except for non-scheduled time)?

As we like to do at INFICON, we asked our customers these questions. (Thank you, Metrics
Alignment Team members!) In the next two sections, we share what we learned from those
discussions. Our proposed definitions follow.

Customer feedback: how should we treat engineering time in tool
availability metrics?

In talking with our customers, we encountered two questions regarding the treatment of
engineering time. The first was about when engineering time should be treated as downtime, and
the second was about when engineering time should be considered available time. The first is
answered by SEMI E10. The second is where we get into the need for two flavors of availability.

When should engineering time be treated as downtime? Some companies have different versions
of engineering time. They ask: if this tool wasn’t being used for an engineering activity, would it
have been usable by manufacturing? If not, then the engineering time is considered part of
unavailable time. However, if the tool would have been usable, then that time is considered
available time. The E10 specification clearly states that if the tool was not usable, then that time
should be treated as downtime. E10 defines the engineering state as (emphasis mine):

“the equipment state when the equipment is in a condition to perform its intended function,
but is operated to conduct engineering experiments, especially where the usage of the
equipment system during ENG is not indicative of normal production. ENG includes any
activities required to restore the equipment system to a condition where it may perform its
intended function.”

Our recommendation, then, is to treat time that the tool couldn’t have been used by production,
even if engineers were working on the tool in some way, as downtime. This is a good use of
downtime sub-states. You could have a sub-state called “down-engineering” that is mapped to
scheduled or unscheduled downtime, for example, and filter that time out for certain reports.

If it is engineering time (not downtime), when should it count as available time? If the tool could
have been used by production but was used by engineers for experiments instead, that time
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should be treated as engineering time. This also covers the situation where engineers are using the
tool to tweak recipes, doing recipe level quals.

Our customers broadly agreed that if the tool could otherwise have been used for production,
then the maintenance organization would want to see the tool treated as available. But it’s also
true that during that time, the tool was not available to the manufacturing organization.

We want a metric that includes engineering time as part of available time. This is time that the tool
is not down and could be being used by production to run wafers. This is an appropriate metric to
use for maintenance engineers, judging them on how well they keep the tool in a suitable state for
running wafers.

However, we also want a way to capture the fact that sometimes, even though the tool is not
down, it’s not available to manufacturing because engineers are using it for something else
(experiments, recipe level quals, etc.). We can then measure the production organization based on
how well they use the tool during the time that it is available to them.

Therefore, we conclude that we would like a version of availability with engineering in the
numerator as well as a version of availability that only has production and standby time in the
numerator.

Customer feedback: How should we treat non-scheduled time in availability
metrics?

Traditionally, non-scheduled time is used for factory shutdowns and holidays that apply to most or
all the tools in the fab. Tool-level non-scheduled time applies mostly to tools being installed,
moved or decommissioned. Some fabs, however, especially during periods of slower business, put
tools into a “soft idle” state. Soft (or intermittent) idle time is a non-scheduled state where the
tool is ready to use except that it needs quals to bring it back online. A fab might bring a tool out of
this soft idle state because another tool is going down for a long PM and then take it back out of
production again in a few days. Some fabs also use this type of intermittent idle time due to
temporary staffing issues or for savings on energy or consumables.

Some fabs use chamber-level non-scheduled time in the case of one chamber being inoperable,
but production being unwilling or unable to take the whole tool down for repair. The chamber is
marked “non-scheduled” so that the maintenance team is not penalized for not working on it.
Other fabs instead use something like a “Prod Down” state, so that the chamber is recorded as
down, but the maintenance team can see that production has requested them to wait on the
repair.

More fabs appear to be using shorter-term non-scheduled states to indicate that a tool is
unavailable but it’s not the maintenance team’s problem. Some fabs object philosophically to this,
because the non-scheduled state can suggest that the tool isn’t going to be fixed at all. But in
general, tools are in this soft idle state for management / business reasons, not because of
anything to do with the maintenance team.

The increasing use of non-scheduled time to reflect tools and chambers being taken temporarily
offline for financial or operational reasons has led to more fabs reporting availability relative to
operational time (total time minus non-scheduled time). However, finance departments still
typically want to see availability based on total time, to better understand overall effectiveness of
the factory. Therefore, both measures (with and without non-scheduled time in the denominator)
are helpful.
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Our proposal for availability definitions going forward

We concluded from the discussion with our customers that there is at least an occasional need for
each variant of numerator (with and without engineering time) and each variant of denominator
(with and without non-scheduled time). Two choices for numerator times two choices for
denominator give us four potential definitions for availability.

We define each of the four definitions relative to the SEMI E10 tool states shown above as well as
the SEMI E79 Specification for Definition and Measurement of Equipment Productivity, with
additional context on how these have been used in FabTime and/or the INFICON FPS product line.

1. SEMI E79 Availability Efficiency (previously used on FabTime OEE charts) = SEMI E10 Total
Uptime % = FPS Availability of Total Uptime = (Prod + Standby + Engineering) / Total Time.
For simplicity and consistency with E10/E79, we propose calling this E79 Availability %.

2. E10 Operational Uptime % = FPS Availability of Operational Uptime = (Prod + Standby +
Engineering) / Operations Time, where Operations Time = Total Time — Non-Scheduled
Time. We propose calling this Operational Availability %.

3. FPS Available Manufacturing Uptime (AMU) = E79 Manufacturing Time/Operations Time =
(Prod + Standby) / Operations Time. We propose calling this Operational Manufacturing
%.

4. E79 Manufacturing Time/Total Time = FabTime Availability (to manufacturing) = (Prod +
Standby) / Total Time. We propose calling this E79 Manufacturing %. (Technically, E79
doesn’t define this as a percentage, but E79 and E10 clearly define “Prod + Standby” as
“Manufacturing Time,” and we believe that taking a percentage based on Total Time is
consistent with other E10/E79 calculations.)

The table below, prepared by my metrics team co-lead, Paul Campbell, makes these definitions
clearer. Note the symmetry in naming within each row (based on the denominator) and column
(based on the numerator).

INFICON Revised Availability Naming Numerator
Production i
Production
+
Standb -
v Standby
+
Engineering
Total Time
. (Operations Time) E79 Availability % E79 Manufacturing %
] +
E (Non-Scheduled Time)
Q
C
a
Operations Time Operational Availability % Operational Manufacturing %

In this framework, recipe level quals should be included in the numerator of the left-hand column
(Availability %) as Engineering time but would not be included in the numerator of the right-hand
column (Manufacturing %). Thus Manufacturing % represents time the tool is in the hands of
production (whether running wafers or in standby), while Availability % includes time that the tool
was not available to production because it was being used by the engineers.
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Similarly, the upper row is based on total time, while the lower row is based on operations time,
excluding non-scheduled time.

Maintenance teams will likely prefer to use Operational Availability %. Manufacturing teams are
more likely to focus on Operational Manufacturing % but might consider the E79 Manufacturing %
to better comprehend opportunities to be had by re-activating tools. Meanwhile, E79 Availability
% remains the most relevant of the four for improving overall equipment effectiveness.

For example, consider the Tool State Trend chart below for a Nitride Deh tool. (This example is
from our FabTime demo server, tweaked to add non-scheduled time.) This tool has significant
intermittent chunks of engineering time. There’s also a single period of non-scheduled time lasting

48 hours that crosses three days.

E10 Tool States by Day for Nitride Deh#1, 28 Days

(all bars = 24 hours)
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The four different availability calculations for this tool are shown below. (Details are in a
spreadsheet, available upon request from Jennifer.)

Operational Operational
E79 Availability % = | Availability % = (Prod | Manufacturing% = | E79 Manufacturing %
(Prod + Stby + Eng) / + Sthy + Eng) / (Prod + 5thy) / = (Prod + Stby) / Total
Total Time Operations Time Operations Time Time
Average 77.26% 80.03% 62.72% 59.95%

It will always be the case that in the presence of both engineering and non-scheduled time,
Operational Availability % will be the largest of the four values, and E79 Manufacturing % will be
the smallest. This is because the former includes engineering time in the numerator but does not
include non-scheduled time in the denominator, and vice versa. The other two will vary depending
on how much engineering time there is vs. non-scheduled time. If there is no engineering time or
non-scheduled time, then all four values will be the same.
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Which one should you use for calculating CV?

As has been discussed previously in this newsletter (see Issue 18.04: Measuring Variability of
Availability and Issue 25.04: Improve Fab Cycle Time by Tracking the Right Equipment Reliability
Metrics), in addition to striving to improve average availability, fabs should also work to minimize
availability variability. One way to do this is to measure the coefficient of variation (CV) of the
availability observations for a given tool or tool group, where CV = standard deviation / average. If
we do this for each of the four availability definitions, then we have four flavors of CV of

Availability:

e CVof E79 Availability %
e CV of Operational Availability %
e CV of Operational Manufacturing %

e CV of E79 Manufacturing % (This is the value that is currently used in the Average vs. CV of
Availability chart in FabTime. An example of that chart is shown below.)

The goal with this chart is to have tools in the upper left quadrant.
We want high availability and low variability of that availability.
Fab20 Average vs CV Availability by Tool
From: 03/20/2015 06:00, To: 04/10/2015 06:00, Tool: *

100
80 -
S 5"'*#!.-“
> 60 .
B 0
=
2 40
@
(m) ]
©
g 20
z
0
0 40 80

R CV Availability (%)
# Photo = Diffusion = Furnace = Bake Apply = Implant = Strip = Etch
L> — Goal Avail% — Goal CV%

Continuing the previous Nitride Deh#1 example, there are 28 observations of each availability
calculation. Standard deviation and averages of the availability values have been added to the
table on the next page. What's clear from this example is that there is less variation in the
Availability % values (left two columns, which include engineering time in the numerator) than
there is in the Manufacturing % values (right two columns, which only include time that the tool is
available to manufacturing). This makes sense. Looking at the Tool State Trend chart above, we see
that there isn’t a huge amount of day-to-day variation in the sum of scheduled and unscheduled

downtime.
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Operational Operational
E79 Availability % = | Availability % = (Prod | Manufacturing% = | E79 Manufacturing %
(Prod + Stby + Eng) / + Stby + Eng) / {Prod + Stby) / = (Prod + Sthy) / Total
Total Time Operations Time Operatians Time Time
Average 77.26% 80.03% 62.72% 59.95%
STDEV 0.206 0.176 0.316 0.319
vV 0.267 0.220 0.504 0.532

The intermittent engineering time creates considerable variability in the time that the tool is
available to manufacturing. We see less variability impact due to the non-scheduled time because
of course it doesn’t affect total time at all. On average, non-scheduled time in this example has a
small impact on operations time (48 hours out of 672 = 7.1%). In a scenario with more frequent,
shorter periods of non-scheduled time, we would expect a greater impact on the CV values.
However, this type of usage of non-scheduled time seems less likely to occur.

INFICON recommends using the CV of Operational Availability out of the four possible choices. We
want to use CV of Availability as a metric to encourage the maintenance team to keep the tools
consistently available. Operational Availability % has “(Prod + Standby + Eng)” in the numerator,
reflecting the maintenance organization’s success in making the tool available for production and
engineering needs. Using operations time in the denominator reflects the fact that decisions about
putting tools into temporary non-scheduled states are usually not made by the maintenance team.
Therefore, they shouldn’t be penalized for the variability that stems from those decisions. We plan
to make all four versions of CV of Availability/Manufacturing Time accessible in our reporting
products.

Conclusions

Tool availability is something that people in fabs pay attention to every day. But, as with most
things related to fabs, when we dig into the definition of availability, we find hidden complexity.
After discussing availability with our customers, we identified a need for two different versions of
the numerator for the availability calculation, and two different versions of the denominator. The
variations in the numerator depend on whether time that a tool is up but being used by
engineering (to perform experiments or recipe-level quals) counts as available time. The variations
in the denominator depend on whether we use total time or operations time (which excludes non-
scheduled time). These two versions of numerator and denominator result in four definitions, each
of which may be relevant for different needs.

We intend to make all four definitions available in our products because we believe that people
who run fabs should have access to the metrics that they choose. By calculating all four versions,
and making the definitions clear, we will reduce confusion when comparing availability
performance across fabs (or across tool sets within fabs). We'll also calculate and display the
corresponding coefficient of variation numbers for each availability metric. Here we do have a
recommendation for which CV of availability value is most likely to help maintenance teams to
drive variability reduction.
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