
12 February 2007  METHOD AND SYSTEM FOR SYNCHRONIZING CONTROL LIMIT AND
EQUIPMENT PERFORMANCE  FIELD OF THE INVENTION [0001] The present invention
relates to a statistical process control, SPC, system,  and more
particularly, to a method and system having new control chart properties
that  synchronize a control chart and equipment performance BACKGROUND OF
THE INVENTION [0002] US 5,862,054 describes a process parameter monitoring
system for real  time process control having the capability to monitor
multiple process machines, i.e.,  equipment, at the same time with a mix of
different type of machines. The system is  applicable to semiconductor
wafer process machinery in a foundry fab, and is applicable  to other
processes and process machinery where it is necessary to for automatic
collection  of process parameter data for statistical process control, SPC.
[0003] Data is stored by a production control computer. The data is used to
determine process control limits as well as trends in the characteristics
of the process.  The process control computer is connected to a company
wide network through a server.  Through the company wide network the
process parameter monitoring system  communicates with a production
manufacturing system or manufacturing execution  system, MES. [0004] Each
process machinery is providing key process parameter data to be  applied to
a real time SPC analysis. The data for each machine is accumulated
separately  and applied to its own SPC analysis. The data once analyzed is
presented on the screen of  the production control computer through a
graphical users interface, GUI. There is also an alarm indicator when the
process is out of control, and an accounting for the number  of alarms that
have occurred over the time interval of data being shown through the GUI.
[0005] The process control monitoring system can display historical data on
the production control computer. This display of historical data can be
important in the  



-1 12 February 2007  analysis of problems leading to poor yield. When
debugging a particular process on a  particular machine, the monitoring of
that machine can be stopped or started without  affecting the monitoring of
the other process on other process machinery. [0006] An SPC system uses
control charts. For example, the use of control charts  for an SPC system
is disclosed in US 5,586,041. Ina factory using an SPC method for
controlling complex process steps, numerous control charts are in a
corresponding SPC  system. For example, there are more than twenty thousand
control charts in a foundry  fab. Synchronizing the control limits for
various charts is highly desired for obtaining  optimum performance of
different equipment, i.e., machines, in the foundry fab.  Synchronizing
control limits for various charts is an arduous task, because these charts
are numerous, and are different chart types assigned to controlling
different processes. [0007] The control limits need to be verified by
statistical support before  assigning the control limits to be
synchronized. Prior to the invention, a control limit was  based on data
from a single equipment. The single equipment was not always equal in
performance with other equipment that have the same process capability.
Thus the  control limit of the single equipment could be arbitrarily
assigned for the other equipment  without statistical support for doing so.
Further, control limits were calculated as ( 3)  Sigma of past data. The
control limit assigned in this manner may be set too tight for  other
equipment in the foundry lab. False alarms will result, causing wasted
debugging  efforts. The control limit assigned in this manner may be set
too loose for other  equipment in the foundry fab. When the control limit
is set too loose, fault detection will  occur too late to avoid rework and
product scrap. Thus, arbitrarily assigned control limits  would not be
based on statistics gathered from equipment and processes. [0008] Prior to
the invention, a method and a system was needed for  synchronizing control
limits of various charts for optimum equipment performance. The  control
limits needed to be updated with calculations based on statistics formed by
new  



data. -2 12 February 2007  SUMMARY OF THE INVENTION [0009] Synchronization
of a control chart and equipment performance is  performed at a time
determined by a synchronization frequency, a new control chart  property,
and by calculating a new control limit for the control chart based on
statistics  form by new data, while using a calculation method defined by a
control chart property,  Control Method. [0010] An embodiment of the
invention is directed to calculation of a consistent  control chart
property for all control charts controlling the same process step performed
on different equipment. The consistent control chart property is calculated
as a statistical  deviation of the control chart property values of all
such control charts. Then all such  control charts have the same
performance benchmark. [0011] Another embodiment of the invention is
directed to a chart model for all  the various types of control charts for
an SPC system. The chart model has new chart  properties; a method for
calculating a control limit based on a statistical deviation, a
synchronization frequency for setting a time for reviewing new data
gathered by the SPC  system, and a process catalog for categorizing all
control charts that control the same  process step, such that the control
charts are organized for assignment of the same control  limit calculated
as a statistical deviation of control limit values of all such control
charts  with the same process catalog. BRIEF DESCRIPTION OF THE DRAWINGS
[0012] FIG. 1 is a diagram of an SPC system. [0013] FIG. 2 is a flow chart
of a process performed on the SPC system disclosed  by Fig. 1. 3 12
February 2007  



DETAILED DESCRIPTION [0014] The present invention is a method and system
for synchronizing control  limits for optimum equipment performance. [0015]
Fig. 1 discloses a process parameter monitoring system of US 5,862,054,
for use in real time SPC. Accordingly, an SPC system is disclosed by Fig.
1. A process  control computer (10) is connected to wafer fabrication
machinery (11). For example, the  wafer fabrication machinery (11)
represents multiple process equipment, for example,  EQP-A, EQP-B ...
EQP-Z. The computer (10) contains a data base (15) which is used to
collect new process parameter data. The data is used to compute parameters
for SPC  analysis, as well as to indicate trends of the data. The computer
(10) is connected by data  server (12) to the company wide network from
which the computer (10) has access to the  manufacturing execution system,
MES (14). [0016] The computer (10) can access various data. For example,
the computer  (10) can access its own control charts for the machine (11)
by an ID (Identification)  query, to display each desired control chart and
its ID with a process catalog (18) on the  monitor (16). Further, the
computer (10) inputs new process control parameter data  gathered from
operation of the equipment (11), and has access to the chart properties
database (20) for the method to calculate new control limits using the new
data. The  process catalogs (18) categorize all control charts that control
process steps that are  capable of being performed by the various equipment
EQP-A, EQP-B ... EQP-Z. [0017] In a manufacturing operation, for example, a
foundry fab, from raw  material to product requires performance of many
process steps. Each process step  requires equipment to have a specific
process capability. A specific process step can be  performed only by
equipment that has the specific process capability. For example, a  process
step of, depositing 2000 Angstroms thick film oxide on a semiconductor
wafer, is  one process step. Each equipment EQP-A, EQP-B ... EQP-Z has the
process capability to  perform the one process step. Control charts CHRT-A,
CHRT-B .... CHRT-Z control the  result of the one process step capable of
being performed by respective equipment EQP- 



A, EQP-B ...EQP-Z. According to the invention, the multiple control charts
controlling -4 12 February 2007  the result produced by different equipment
performing the same process step are classified together with the same
process catalog (18). [0018] Each equipment may have one, or many, process
step capabilities. The  many process step capabilities are classified in
different process catalogs (18). In a  manufacturing operation, for
example, a fab, there are hundreds of process catalogs (18)  created to
correspond with the hundreds of different process step capabilities.
According  to the invention, a chart model (22) for all the various types
of control charts of the SPC  system is extended by having one or more new
chart properties described herein. A  process catalog (18) is a new control
chart property. All control chart properties are  stored for retrieval in a
chart properties database (20). A new chart model (22) for the  control
charts of the SPC system is extended to have a Process Catalog property.
[0019] The SPC system described by US 5,862,054 collects process parameter
data for each process batch and computes an average value for each
parameter. The  average values are stored as historical data that is used
to determine the control limits for  the various control charts of the SPC
system that control the process. When the control  limits are exceeded, an
alarm can be activated, and the process is interrupted for  debugging. The
present invention avoids false alarms and late fault detection because of
an ineffective control limit that has been set too tight or too loose.
According to the  invention, a chart model (22) for the control charts of
the SPC system is extended by  having one or more new chart properties. The
new chart properties are based on  performance benchmarks. All the control
charts in the same process catalog (18) have the  same performance
benchmark. Thus the same performance benchmark aligns each  control chart
in the same process catalog (18) to the same level of process control.
[0020] A new chart model (22) for the control charts of the SPC system is
extended to have a Control Node property, which is one new chart property
based on a  



performance benchmark, synchronization frequency defined in Control Node.
The  synchronization frequency refers to a repeating period of time between
repeated reviews  or checking of each control chart. Checking each control
chart involves deciding to  change one or more of its performance benchmark
control limits based on calculations of -5 12 February 2007  statistics
formed by the most recent historical data, i.e., new data. In this way, the
control  chart is synchronized to the optimum performance of the equipment
for the process step  being controlled by the control chart. [0021]
Selecting a synchronization frequency will now be described. The  frequency
can have a wide range of values, depending on the relative importance of a
control chart to aim for tight or loose control over a process result. When
a control chart  controls a critical process, the control chart can be
synchronized every week or every day,  a high frequency value. Control
charts for general parameters or for wide range variation  of control
parameters can have a less frequent, or lower frequency value, for example,
a  frequency of three months. High frequency values are allocated to the
control charts that  require critical process control results Lower
frequency values are allocated to the control  charts that pertain to less
critical process control results. [0022] Further, the same performance
benchmark aligns all of the control charts  with the same process catalog
(18) to the same level of process control. This is done by  assigning a
consistent control limit to each of the control charts with the same
process  catalog (18). According to the invention, a consistent control
limit for each of these  control charts is calculated as a percentile of
the control limit values of all these charts.  Thus a consistent control
limit, in the form of a consistent synchronization frequency, is
calculated as a percentile of the synchronization frequency values of the
charts with the  same process catalog (1.8) [0023] A new chart model (22)
for the control charts of the SPC system is  extended to have a Control
Method property. Another chart property based on a  



performance benchmark is a control limit based on a statistical deviation
defined in  Control Method. In the past, control limits for an SPC method
and system have been  expressed in terms of (3) Sigma of past sampled data.
Because control charts vary as  to type, the control limits expressed in
terms of (3) Sigma are not well defined or well  controlled for all types
of control charts. For example, an equipment that has a particle  count
tolerance of 50 particles, performs a process with a control chart for a
particle  count. When a statistical distribution of the data for past
particle count is stable, around a -6 12 February 2007  peak value of 5,
and its standard deviation is 2, the upper control limit is 7, when
expressed as (3) Sigma. Such a control limit is set too tight. A particle
count of 8 will  exceed the control limit for the equipment whose particle
count tolerance is 50. [0024] According to the invention, a new control
limit based on a statistical  deviation of the statistical data is
particularly important when an ineffective control limit  of (3) Sigma is
too tight or too loose. For example, a control chart for the above
described particle count is assigned a new control limit value of 97.5
percentile, which is  based on a statistical deviation of the statistical
data to set a more effective, loose control  limit. [0025] Further, the
same performance benchmark aligns the control charts with  the same process
catalog (18) to the same level of process control. This is done by
assigning a consistent control limit to each of the control charts with the
same process  catalog (18). According to the invention, a consistent
control limit for each of these  control charts is calculated as a
percentile of the control limits of these charts. Thus a  consistent
control limit, in the form of a consistent statistical deviation value is
calculated  as a percentile of the statistical deviation values of the
charts with the same process  catalog (18). [0026] A process according to
the invention is to extend a control chart model  (22) to have new
properties defined in Control Node, Control Method and Process  



Catalog. Values are defined for the extended chart properties in Control
Node, Control  Method and Process Catalog. [0027] Further, the process
according to the invention is to calculate a new  consistent control limit,
in the form of a consistent synchronization frequency, as a  statistical
deviation of the values of synchronization frequencies defined in Control
Node  for the control charts with the same process catalog (18). Another
new consistent control  limit, consistent statistical deviation, is
calculated as a statistical deviation of the  statistical deviation values
defined in Control Method for the control. charts with the same -7 12
February 2007  process catalog (18) These consistent control limits are
assigned to the corresponding  charts with the same process catalog (18).
[0028] Further, after the chart properties have been extended, and the
consistent  control limits have been assigned, the SPC system will collect
new data from the  operations of the foundry fab. The new data is checked
with a frequency of review  determined by the consistent synchronization
frequency of the control charts that control  the new data. Using the new
data, new statistical deviation values are calculated for each  of such
charts, and are respectively assigned to such charts as their new control
limits.  These new statistical deviation values might require a change to
the consistent statistical  deviation value for all charts with the same
process catalog (18) Thus, All such charts are  found by retrieval by the
SPC system by the computer (10) and a new consistent control  limit is
decided, based on a percentile of all the new control limits. Thus,
equipment  performance and the control limit become synchronized. [0029] A
preferred embodiment of the invention has been disclosed. Other
embodiments and modifications thereof are intended to be covered by the
spirit and scope  of the appended claims. -8 12 February 2007  



What is claimed is: 1. A method of synchronizing equipment performance and
a control limit of a  control chart for a statistical process control
system, compri sing: extending a chart model  to have the chart properties,
control node, control method and process catalog; calculating  according to
control method a new consistent control limit based on statistical
deviation  of data controlled by control charts with the same process
catalog; assigning the consistent control limit to all control charts with
the same process catalog; checking for  new data with a frequency of review
determined by a synchronization frequency of the  control charts that
control the new data, calculate new control limits based on the new  data
controlled by control charts, assigning the new control limits to the
control charts;  updating all control charts with the same process catalog
with a new consistent control  limit calculated by using the new control
limits. 2. The method recited in claim 1, further comprising: classifying
the control charts  of the statistical process control system in different
process catalogs corresponding to  different equipment capabilities. 3. The
method recited in claim 1, further comprising: setting a higher
synchronization frequency as a control limit of each of the control charts
controlling a  critical process result. 4. The method recited in claim 1,
further comprising: setting a lower  synchronization frequency as a control
limit of each of the control charts controlling a  less critical process
result. 5. The method recited in claim 1, further comprising: calculating
the new control  limits as a statistical deviation of the new data of all
charts with the same process catalog.  -3 12 February 2007  6. The method
recited in claim 1, further comprising: classifying equipment capabilities
to perform different processes by control charts of the different processes
in  



different process catalogs. 7. The method recited in claim 1, further
comprising: calculating the consistent  control limit applied to all
control charts of the same process catalog by calculating a  statistical
deviation of all the control limits for such control charts. 8. The method
recited in claim 1, further comprising: replacing (3)Sigma with a
statistical deviation calculation as a control limit calculation method. 9.
The method recited in claim 1, further comprising: setting a higher
synchronization frequency as a control limit of each of the control charts
controlling a  critical process result; and setting a lower synchronization
frequency as a control limit of  each of the control charts controlling a
less critical process result. 10. The method recited in claim 1, further
comprising: providing the chart model for  all of the control charts of
various types. 11. An SPC system comprising: control charts controlling
different process steps; and  a chart model for all the control charts, the
chart model having a Node Type chart  property in the form of a
synchronization frequency determining a time for reviewing  new data for
calculating new control limits of the control charts, and a Process Catalog
chart property classifying all of the control charts controlling a same
process step in the  same process catalog, and a Control Method chart
property in the form of a method for  calculating a consistent control
limit using the new control limits of all the control charts  with the same
process catalog. 12. The SPC system recited in claim 11, further
comprising: all the control charts  corresponding to different equipment
capabilities being classified in different process  catalogs. -10 12
February 2007  13. The SPC system recited in claim 11, further comprising:
the synchronization  frequencies being set higher for control charts
controlling critical process results. 14. The SPC system recited in claim
11, further comprising: the synchronization  



frequencies being set lower for control charts controlling less critical
process results.  15. The SPC system recited in claim 11, further
comprising: the new control limits  being calculated as a statistical
deviation formed by the new data. -11 ABSTRACT  METHOD AND SYSTEM FOR
SYNCHRONIZING CONTROL LIMIT  AND EQUIPMENT PERFORMANCE  A method and system
for synchronizing a control chart of an SPC system and  equipment
performance has a chart model (22) with new chart properties; a method for
calculating a control limit based on a statistical deviation, a
synchronization frequency  for setting a time for reviewing new data
gathered by the SPC system, and a process  catalog for categorizing all
control charts that control the same process step, such that the  control
charts are organized for assignment of the same performance based control
limit  calculated by using statistics formed by data for control limit
values of the control charts.   (FIG. 1) 




