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Viewpoint

Adopting e-manufacturing in
the semiconductor industry

Joseph R. Monkowski

-manufacturing promises to great-

ly increase the effectiveness and ef-
ficiency of semiconductor device pro-
cessing. Particularly over the past year,
much has been written about the ad-
vantages of this technology.!-3 In a
number of cases, benefits are already
being realized. Nonetheless, the gen-
eral acceptance of the technology has
been long in coming; even today, its
adoption appears to be very slow and
definitely out of line with its touted ad-
vantages. Why this discrepancy? The
answer, perhaps, is that end-users have
unrealistic expectations about the po-
tential benefits of e-manufacturing and
are unsure who will provide the ap-
propriate technology components.

How the System Works

In order to understand the reasons
for these unrealistic expectations, it is
useful to picture how an e-manufactur-
ing system is structured. Figure 1 pre-
sents a hierarchical view of an e-manu-
facturing system’s components.

The connectivity level refers to the
combination of hardware and software
that allows a connection to be made to
the various data sources, which include
the process tool and the tool’s compo-
nents and subsystems. One of the most
fundamental connecting points is the
tool’s Semiconductor Equipment Com-
munications Standard (SECS) port,
which is particularly convenient for
retrofitting tools already installed in the
field. Unfortunately, a SECS port does
not make a great amount of informa-
tion available to the user.

To get at that additional information,
it is possible to connect directly to the
tool’s subsystems or components, al-
though work may be required to create
an appropriate communications inter-
face. One such system is the Symphony

Equipment Server (SES) from Advanced
Energy Industries (Fort Collins, CO),
which has been installed on different
types of tools from a variety of equip-
ment manufacturers. The SES system
allows users to connect to different data
sources concurrently, such as the SECS
port and the subsystems. It also can con-
nect directly into the tool’s internal
communications network, if one exists.
Although connecting into the tool’s sub-
systems, components, or internal com-
munications network typically requires
an interface to support the specific data
source, such connections usually make
much more information available than
SECS-port connections and are faster.

As e-manufacturing becomes more
mainstream in the semiconductor in-
dustry, connections will eventually be
established with tools directly. One such
approach involves connecting into the
tool’s real-time control system. A more
likely approach, however, is to connect
into a separate diagnostics port, such as
the equipment data acquisition (EDA)
port now undergoing standards review.
Either way, such a connection must be
designed in by the tool manufacturer
and made accessible to end-users. It may
take a while, perhaps years, before on-
tool connectivity is made available for
most tools.

The data management level of the e-
manufacturing system deals with man-
aging collection plans, implementing
data collection and storage, and mak-
ing all potentially valuable data avail-

able. Data can include status variable
IDs, equipment constant IDs, events,
and alarms. Key attributes of the data
management system include the ability
to collect data at a very high rate, orga-
nize them effectively and efficiently, and
make them available in a well-organized
manner at a very rapid rate to any num-
ber of potential users—all the while
minimizing the required level of ad-
ministration. The Symphony system’s
data management components include
the data collection manager and the In-
foPlus.21 real-time database from
Aspen Technology (Cambridge, MA),
which was chosen for its ability to si-
multaneously write and read many tens
of thousands of points per second. In
addition, it is extremely efficient at data
compression, often using no more than
single-digit gigabytes of disk memory
to store a year’s worth of tool data.

The applications level is where data
are turned into information. Applica-
tions programs can perform a range of
functions, such as statistical process
control, fault detection, fault classifica-
tion, or run-to-run process control. One
applications program, the Symphony
equipment tuner, is used by equipment
engineers as a type of oscilloscope for
analyzing and diagnosing tool behavior
and applying statistical process control
and fault detection rules to multistep
semiconductor processes. The program
also can be implemented through a
published application programming in-
terface, in which case it functions as an
infrastructure component that allows
OEMs and other applications providers
to create fast-time-to-market custom
applications.

The content level at the top layer of
Figure 1 is actually embedded within
the applications program, but it is
shown separately because applications
programs do not automatically have all



the information they need to carry out
their work. For example, in order to de-
tect a fault in a particular subsystem or
process step, the applications program
must have information on that subsys-
tem or process step. Ideally, that infor-
mation will be in the form of a physical
model allowing the user to interpret any
deviation directly. Alternatively, the
model can be phenomenological, where
certain patterns are recognized as with-
in the appropriate specification and any
deviations will be flagged by the pro-
gram. In another approach, the appli-
cations program learns the permissible
behavior of the tool, process, or subsys-
tem over time. That system often re-
quires human intervention.

Countering Unrealistic
Expectations

Although there are undoubtedly
many reasons why users have unrealis-
tic expectations about e-manufactur-
ing, practically all of them have one
thing in common: The lack of recogni-
tion that all five layers of the e-manu-
facturing model are required in order
to make the system work properly.

Some early e-manufacturing offer-
ings came from sensor manufacturers.
Examples included in situ particle
monitors and gas analyzers. Typically,
the goal was to define a set of mea-
surements that would be considered
normal and to send an alarm every
time that an actual measurement fell
outside normal boundaries. Unfortu-
nately, defining normalcy was ex-
tremely difficult. First, it was necessary
to establish a correlation between the
level of what was being measured and
the effect that it had on the wafer.
Given the wide variety of processes and
variables involved in semiconductor
manufacturing, establishing this cor-
relation was very difficult and time-
consuming. Second, the effect on the
wafer often depended on the particular
process step being run.

If sensors are analyzed in light of Fig-
ure 1, it can be seen that they fall partly
in the category of data management
and partly in the category of appli-
cations. Sensor data were being collect-

Figure 1: Hierarchical Structure
of an E-Manufacturing System
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ed and analyzed according to whether or
not they fell within normal ranges. In
many cases, however, no connection to
process tools had been established, so
that the applications programs were un-
able to assess measurements in the con-
text of particular process steps. Most
significant, however, was the missing
content. Since establishing the correla-
tion between measurements and wafer
results was difficult, applications pro-
grams lacked the content that would en-
able them to register alarm conditions
and lacked the context to link wafer re-
sults to process steps, recipes, devices, etc.

It has long been the desire of tool
owners to have a system that provides a
go/no-go signal. But because it has been
difficult to establish exactly when an
alarm should be sent, they have been
provided with a deluge of data instead.
Customer reaction to the idea of gath-
ering trace data is reminiscent of the re-
action of many tool owners, as noted in
an article on data collection: “When I
asked the customers how they liked the
software’s trace data capability, they
replied that it is of little benefit because
it is too difficult and time-consuming
to pore through reams of trace data
looking for potential problems that may
not even exist.”4 Having to pore through
reams of data is a major letdown when
the expectation is a system that provides
a green light or a red light.

Some sensor manufacturers and ap-
plications software suppliers have tack-
led this problem by selling a complete
package that is serviced by one or more
applications engineers to analyze the
data. In effect, the applications engi-
neers provide the content.

Unrealistic expectations can also be
generated when device manufacturers,
recognizing that there are benefits to be

‘Potential users of
e-manufacturing should
ensure that they

have the connectivity,
data management,
applications, and
knowledge or content.’

gained from e-manufacturing, begin by
purchasing network infrastructure.
They frequently do not have a clear goal
in mind, but they understand that they
must connect to the tool and manage
data. Consequently, they purchase con-
nectivity and data management systems,
but then are disappointed to learn that
they cannot immediately put that infra-
structure to good use to enhance pro-
ductivity. Their disappointment grows
if they discover that the infrastructure
they have purchased is not an open sys-
tem and cannot connect many valuable
applications.

Who Does What

The first major step toward setting
realistic expectations is to understand
the need for all levels of the e-manufac-
turing model. The second major step is
to understand who is best suited to pro-
vide each of the levels.

If we view the connectivity and data
management levels of the model as tool
subsystems, analogous to power delivery
or gas delivery subsystems, it becomes
apparent that they are best supplied by
subsystems suppliers. Companies at that
level of the supply chain are in the best
position to deliver reliable products, in-
cluding continuous software updates.
Since such suppliers can sell components
for a wide spectrum of tools, their unit
costs are much lower than those of equip-
ment and device manufacturers who
might attempt to offer their own subsys-
tems. An added benefit of using compo-
nents supplied by subsystems manufac-
turers is that a common platform can be
used across different tool types.

The best providers of applications
programs understand the specific task at
hand. For example, subsystems suppliers
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are best suited to provide programs for
detecting and diagnosing the faults
common to specific subsystems. Third-
party suppliers are the best source for
general-purpose programs, such as the
statistical process control packages and
advanced process control software into
which process models can be loaded.
Such vendors may or may not supply
other subsystems, but they must be ex-
perts in software design.

Equipment and device manufactur-
ers are the best sources of process
knowledge. They will be the primary
suppliers of the process models that will
enable effective run-to-run control and
fault detection at the process level.
Process models will enable them to add
significant value to their products and
create a point of differentiation between
themselves and their competitors. De-
vice manufacturers also will seek to gain
a competitive advantage by developing
relevant process models.

For advanced process control that
cuts across multiple tools, device man-
ufacturers may be in the best position to
provide the applications content. How-
ever, they will not be interested in writ-
ing software, since such programs
would be used only on the tools in a
small number of fabs. Therefore, hav-
ing software that can readily load re-
quired content will be valuable. Third-
party software suppliers (or subsystems
suppliers with software expertise) will
be the best source of such applications
programs.

Situating e-Manufacturing
Components

Where will the various components
of the e-manufacturing system reside?

‘Advanced process
control software and
information will

be split between the

tool and fab level,
depending on whether
inputs and outputs are
on one or multiple
tools.

Although this issue does not appear
to have held back the acceptance of e-
manufacturing, it will play a strong role
in helping to create a well-organized
system in which different components
can be easily combined and integrated.

Figure 2 presents a hierarchical view
of where software and information can
reside. In general, there will be a trend to
push the e-manufacturing infrastruc-
ture and information to the lowest pos-
sible level. For example, in the short
term, software used for predicting faults
in a particular subsystem may reside at
the fab level, while in the future it will
most likely reside inside the subsystem
itself. An obvious benefit of the latter
approach is that it will reduce network
traffic, since the only information the
subsystem will need to provide to the
fab network will be succinct pieces of
information related to current or future
problems. All of the required data col-
lection and number crunching, on the
other hand, will be performed within
the subsystem itself.

Advanced process control software
and information will be split between
the tool and the fab level, depending on
whether all of the inputs and outputs
are contained on one tool or span mul-
tiple tools. Information on tool utiliza-
tion and comparisons across tools will
have to be performed at the fab and in-
terfab levels.

Conclusion

E-manufacturing promises to greatly
increase productivity and performance
in the IC industry. To achieve those ad-
vances, however, the industry must agree
on what it takes to implement a success-
ful e-manufacturing system and what

should reasonably be expected of it.

Potential users of e-manufacturing
systems should begin by clearly defining
their goals. Then they should ensure
that they have everything they need to
make the system work, from the con-
nectivity, data management, and appli-
cations to perhaps the most important
thing—knowledge or content. With a
clear understanding of what must be
done and who is best qualified to do it,
the industry can continue to push for-
ward with the adoption of e-manufac-
turing and begin to realize the tremen-
dous benefits it can provide.
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