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BACKGROUND 1. Field of the Invention [0001] The
present invention relates to transferring wafers among
modules of semiconductor processing equipment, and
more particularly to placing accurately each wafer,
with the support blade that carries the wafer, inside
the modules. 2. Description of the Related Art [0002]
In the manufacture of semiconductor devices, process
chambers are interfaced to permit transfer of wafers
or substrates, for example, between the interfaced
chambers. Such transfer is via transfer modules that
move the wafers, for example, through slots or ports
that are provided in the adjacent walls of the
interfaced chambers. Transfer modules are generally
used in conjunction with a variety of wafer processing
modules (PM), which may include semiconductor etching
systems, material deposition systems, and flat panel
display etching systems. [0003] A vacuum transfer
module (VTM) may be physically located between one or
more clean room storage facilities where wafers are
stored, and multiple wafer processing modules where
the wafers are actually processed, e.g., etched or
have deposition performed thereon. In this manner,
when a wafer is required for processing, a robot arm
located within the transfer module may be employed to
retrieve a selected wafer from storage and place the
wafer into one of the multiple processing modules.
[0004] Sensors at each of the facets of each station
have been used to increase the accuracy of wafer
placement inside each station. However, the accuracy
for placing wafers suffers due to multiple factors.
For example, the position of the sensors may not be
perfect and small deviations in sensor location result
in defects when calculating wafer position. In
addition, the robot transporting the wafer may not be
in the exact place where the system believes that
therobot is, which creates another source for errors.
Still yet, the robots that transfer the wafers often
have two arms to increase speed and flexibility in the
system. In practice, there are operational differences
between using one robot arm or the other, producing
different results 



according to which robot arm picks up, or places the
wafer when transporting the wafer. Additionally,
existing methods are susceptible to operator's errors
and are not automated, requiring long calibration
times. [0005] It is in this context that embodiments
of the invention arise. SUMMARY [0006] Embodiments of
the present invention provide methods and systems to
optimize wafer placement repeatability in
semiconductor manufacturing equipment using a
controlled series of wafer movements. In one
embodiment, a preliminary station calibration is
performed to teach a robot position for each station
interfaced to facets of a vacuum transfer module used
in semiconductor manufacturing. The method also
calibrates the system to obtain compensation
parameters that take into account the station where
the wafer is to be placed, the position of sensors in
each facet, and the offsets derived from performing
extend and retract operations of a robot arm. In
another embodiment where the robot includes two arms,
the method calibrates the system to compensate for
differences derived from using one arm or the other.
During manufacturing, the wafers are placed in the
different stations using the compensation parameters
[0007] It should be appreciated that the present
invention can be implemented in numerous ways, such as
a process, an apparatus, a system, a device or a
method on a computer readable medium. Several
inventive embodiments of the present invention are
described below. [0008] In one embodiment, a method to
optimize wafer placement repeatability in
semiconductor manufacturing equipment using a
controlled series of wafer movements. The method
performs a preliminary station calibration to teach a
robot position for each station interfaced to facets
of a vacuum transfer module used in semiconductor
manufacturing, followed by a calibration of the
system. During manufacturing, the wafers are placed in
the different stations using compensation values
obtained during the calibration. The calibration
includes the following operations: [0009] 1. accessing
a table having nominal sensor locations for each
facet. Typically, the actual sensors locations deviate
slightly from the locations where the system believes
that the sensors are.[0010] 2. identifying one of the
stations as a reference station, identifying reference
transfer direction (extend vs. retract), and
identifying reference robot arm (in the case that
robot has multiple arms). [0011] 3. picking at the
reference station a wafer that is known to be properly
positioned, 



using for example an aligner. This position is
established as centered relative to the robot. [0012]
4. passing the picked wafer through the plurality of
facets and measuring extend and retract offsets when
the robot passes the wafer into and out of the
stations with each arm. [0013] 5. creating an offset
table to compensate for repeatable measurement error
induced by differences between extend and retract
direction, as well as error induced by using nominal
sensor locations, (for each arm). The offset table
enables the system to determine actual wafer location
relative to the robot, which can be used as a
compensation offset to optimize wafer placement
location. [0014] 6. adjusting robot values for each
station to ensure that the wafer is placed in the
desired location by the reference arm. This can be
done by picking and measuring a wafer centered
relative to the station by an aligner or fixture.
[0015] 7. refining the station locations using
metrology based alignment to ensure that the wafer is
placed in the desired location by the reference arm.
[0016] 8. fine tune offset table values and robot
position for each station by obtaining data from
repeatedly placing and picking of the wafer. By using
multiple measures and generating a representative
value, the system is able to obtain more accurate fine
tuning values. [0017] Other aspects of the invention
will become apparent from the following detailed
description, taken in conjunction with the
accompanying drawings, illustrating by way of example
the principles of the invention. BRIEF DESCRIPTION OF
THE DRAWINGS [0018] The invention may best be
understood by reference to the following description
taken in conjunction with the accompanying drawings in
which: [0019] Figure 1 depicts a typical semiconductor
process cluster architecture illustrating the various
modules that interface with a vacuum transfer module
(VTM). [0020] Figure 2 shows a preliminary station
calibration process. [0021] Figure 3 describes one
embodiment that uses nominal sensor locations during
the calibration process. [0022] Figure 4 shows a
sample nominal sensor location table according to one
embodiment.[0023] Figures 5A-5B describe the
generation of the offset table in one embodiment of
the invention. [0024] Figure 6 shows a sample offset
table. [0025] Figures 7A-7B depict the station value
optimization operation in one embodiment. 



[0026] Figure 8 shows using metrology based alignment
during calibration according to one embodiment of the
invention. [0027] Figures 9A-9B depict a fine tuning
operation during calibration in one embodiment. [0028]
Figure 10 shows a sample distribution of results for
the fine tuning operation. [0029] Figures HA- H D show
the process flows for obtaining the compensation
values and using them during manufacturing. [0030]
Figure 12 describes pictorially the use of Dynamic
Alignment III according to the method described in
Figure 1ID. DETAILED DESCRIPTION [0031] Methods and
systems to optimize wafer placement repeatability in
semiconductor manufacturing equipment using a
controlled series of wafer movements are provided. In
one embodiment, a preliminary station calibration is
performed to teach a robot position for each station
interfaced to facets of a vacuum transfer module (VTM)
used in semiconductor manufacturing. The method also
calibrates the system to obtain compensation
parameters that take into account the station where
the wafer is to be placed, position of sensors in each
facet, and offsets derived from performing extend and
retract operations of a robot arm. A well aligned
wafer is used to fine tune the positioning of the
wafer in each station and to help compensate for small
deviations of the sensor locations from the desired
location. [0032] In another embodiment where the robot
includes two arms, the method calibrates the system to
compensate for differences resulting from using one
arm or the other. During manufacturing, the wafers are
placed in the different stations using the
compensation parameters. Additionally, the
compensation values are used to measure the wafer
position when picking the wafer from a station to
calculate where wafer center is relative to station
center. [0033] It will be obvious, however, to one
skilled in the art, that the present invention may be
practiced without some or all of these specific
details. In other instances, well known process
operations have not been described in detail in order
not to unnecessarily obscure the present invention.
[0034] Figure 1 depicts a typical semiconductor
process cluster architecture illustrating the various
modules that interface with a vacuum transfer module
38 (VTM). As is well known tothose skilled in the art,
the arrangement of transfer modules to "transfer"
wafers among multiple storage facilities and
processing modules is frequently referred to as a
"cluster tool architecture" system. Airlock 30, also
called a loadlock or a transfer module, is shown in
VTM 



38 with four processing modules 20a-20d which may be
individually optimized to perform various fabrication
processes. By way of example, processing modules
20a-20d may be implemented to perform transformer
coupled plasma (TCP) substrate etching, layer
depositions, and/or sputtering. When speaking in
general about airlock 30 or process module 20, the
term station will be used at times to refer to either
an airlock or a process module. Each station has a
facet 36 that interfaces the station to vacuum
transfer module 38. Inside each facet, sensors 1-18
are used to detect the passing of wafer 26 when going
in and out of the respective stations. [0035] Robot 22
transfers wafer 26 between stations. In one
embodiment, robot 22 has one arm, and in another
embodiment robot 22 has two arms, where each arm has
and end-effector 24 to pick the wafers for transport.
Front-end robot 32, in atmospheric transfer module 40
(ATM), is used to transfer wafers from cassette, or
Front Opening Unified Pod (FOUP) 34 in Load Port
Module (LPM) 42 to airlock 30. Module center 28 inside
process module 20 indicates the ideal placement for
placing wafer 26. Aligner 44 in ATM 40 is used to
align wafers. [0036] When transferring the wafer from
airlock 30 inside the vacuum transfer module 38, the
center of the wafer may not be accurately positioned
relative to the station. As a result, when the blade
of robot 22 in VTM 38 picks the wafer, the center of
the wafer may not be properly located, or aligned,
relative to the center of the blade. This improper
wafer center to blade center alignment, also referred
to as "wafer-blade misalignment" or simply "wafer
misalignment," continues as the robot performs an
"extend" operation, by which the blade (and the wafer
carried by the blade) are moved through a slot in the
processing module and by which the wafer is placed on
pins in the processing module 20a, for example. [0037]
This wafer misalignment may continue as the robot
performs a "retract" operation, by which the blade
(and the wafer carried by the blade) are moved through
the slot in the processing module 20c. Such wafer
misalignment may also continue during a subsequent
extend operation by which the wafer is placed in
another one of the processing modules, such as PM 20b.
[0038] It should be noted that the computer
controlling the wafer movement can be local to the
cluster architecture, or can be located somewhere in
the manufacturing floor, or in a remote location, and
connected to the cluster architecture via a
network.[0039] In previous patent 6,502,054 issued
December 31, 2002 and titled "Method of and apparatus
for dynamic alignment of substrates" assigned to the
same assignee as the current 



invention, which is herein incorporated by reference,
a method, called Dynamic Alignment (DA), was provided
for using sensors in the different facets to improve
wafer placement. However, while dynamic alignment
improves the accuracy for placing wafers, other
factors in the system introduce errors in the
placement of wafers, even using sensors. For example,
the position of the sensors may not be perfect and
small deviations in sensor location result in defects
in calculating wafer position. In addition, the robot
transporting the wafer may not be in the exact place
where the system believes that the robot is creating
another source of errors. Still yet, the robots that
transfer the wafers often have two arms to increase
speed and flexibility in the system. There are
operational differences between using one robot arm or
the other, resulting in different results according to
which robot arm picks up, or places the wafer when
transferring the wafer. [0040] Additionally, there is
a need to create a method that automates the
calibration process to improve repeatability of the
alignment with reduced dependence on engineer's time.
Moreover, there is a need to increase the consistency
of the Dynamic Alignment independent of wafer flow and
station. [0041] Embodiments of the present invention
improve the use of dynamic alignment in a
manufacturing environment for better wafer placement.
The embodiments presented here have been named Dynamic
Alignment III. [0042] Figure 2 shows a preliminary
station calibration process. This operation teaches
robot values for each station. After a preliminary
station calibration, if a wafer centered on the robot
arm is placed in the station without DA, the wafer
inside calibration fixture 210 would land in position
208 within calibration fixture's 210 tolerance from
station center 204. If the same is done with the other
arm, the wafer would land in position 206 in a
different location, within calibration fixture's 210
tolerance from station center 204. [0043] In one
embodiment, the preliminary station calibration
process is repeated several times until the fixture is
properly positioned inside the station within the
tolerances required. A sample value for fixture
tolerance is 500mm. [0044] Figure 3 describes one
embodiment that uses nominal sensor locations during
the calibration process. This is the first operation
300 in the calibration operation for the Dynamic
Alignment III method. A table of nominal sensor
locations indicates the estimated positions of sensors
in each facet. The wafer is centered in the reference
station with an aligner or another repeatable
mechanism. The person skilled in the art will
appreciate that when the term'centered wafer' is used,
it means 'properly positioned wafer.' In general, the
system is 



designed to use 'properly positioned' or 'optimally
positioned,' even though in this case 'centered' on a
round electrode actually is preferred and is well
defined. In another embodiment, placement can be off
axis, or alignment can be performed without respect to
a feature with an axis of symmetry. [0045] Figure 4
shows a sample nominal sensor location table 402
according to one embodiment. The table shows six
different stations, including four processing modules
and two airlocks. Each station has three sensors, 1-3,
associated with the station, and for each sensor there
are two measurements to indicate the location with
reference to a point in the cluster tool architecture.
In one embodiment, the reference point is the robot
home position. The two measurements are a Radius in
inches R, and an angle T. [0046] Figure 5A describes
the generation of the offset table in one embodiment
of the invention. Centered wafer 308 is picked from
the reference station and is considered centered
relative to the robot arm. The wafer is brought to the
preliminary robot position 312, through sensors 302
and 304, and Dynamic Alignment is used to measure the
offset of the wafer, based on the nominal place of the
sensor and the measurements when the wafer goes in
(extend) and out (retract). In one embodiment, extend
and retract measurements for two robot arms originate
4 measurements per station, EEA-Ex, EEA-Re, EEB-Ex,
and EEB-Re. [0047] In one embodiment, the extend and
retract operations are repeated multiple times, such
as 10 to 20 times in a row, and then the measurements
are averaged to get a representative value. This
reduces the effect of robot repeatability on the
measurements. In another embodiment, the operation to
change arms is done at the reference station dropping
the wafer only once and at a reduced speed to reduce
the effect of wafer shifting during picks and places.
[0048] The offset table consists of the Dynamic
Alignment measured offset of a centered wafer when
passed to and from the robot station location, for
each combination of arm, station, and direction. The
offset table will be used to determine where a wafer
is relative to the robot, but it is still unknown
exactly where the robot arm is relative to the
station, within tolerances from the preliminary
station calibration. The offsets tabulated in the
offset table reflect the unknown, but consistent
deviations in Dynamic Alignment measurement resulting
from deviations in sensor location with respect to
their nominal position, differences between extend and
retract motions, differences between robot arms (if
applicable), and other tolerance and uncertainty
stack-ups for each facet-blade-direction combination.
The generation of the offset table is used to
determine these unknown offsets for a centered wafer
and to link the calibrationfor all facets, blades, and
directions in an Offset Table so that Dynamic
Alignment III 



measurements will be consistent, that is, independent
of the facet-blade-direction measurement. [0049] The
measured offsets are used by the software during the
manufacturing process to compensate wafer placement
during wafer centering operations. The following is a
detailed description of the operations performed to
calculate the offset table values according to one
embodiment of the invention: [0050] 1. Pick the wafer
from reference station with reference blade. [0051] 2.
Extend and retract through reference facet and all the
facets in the VTM, toward robot station locations
multiple times. The default value is 20 times, but
other values are also possible. Measure extend and
retract offsets during each pass. [0052] 3. Reduce
robot Z-velocity. [0053] 4. Place wafer back in
reference station and pick the wafer with the
non-reference blade. [0054] 5. Return to original
robot Z-velocity. [0055] 6. Pass the wafer through
each facet with the non-reference blade multiple
times. Measure extend and retract offsets during each
pass. [0056] 7. For each station, determine the
station offsets by calculating the average offset
values for each combination of arm, station, and
direction. Figure 5B shows graphically the
determination of the station offsets for one
embodiment of the invention. For each station and arm,
the following values are calculated: Offset Table
Value for Extend (CeR CeT) = (Avg Measured
RO,TO)Extend Offset Table Value for Retract (CrR CrT)
= (Avg Measured RO TO a t [0057] Figure 6 shows a
sample offset table 602, which is populated with the
average offset values for each combination of arm,
station, and direction. The leftmost column holds the
name of the combination blade-station. The next two
columns show the extend values, and the following two
columns the retract values. The person skilled in the
art will appreciate that other tables can be used to
hold the offset values as long as the principles of
the invention described herein are maintained. [0058]
Figure 7A depicts the station value optimization
operation in one embodiment. This operation is used to
teach station center. The reference arm values need to
be adjusted so that the reference arm places the wafer
in the station center, allowing the alignment of robot
center and station center. The ideal station center is
set for the PMs using centering jigs for mechanical
alignment of wafer placement. The ideal robot station
center is set for the Airlock 



by placing an aligned wafer in the station.[0059] In
one embodiment, the station values are adjusted for
the reference blade by performing the following
operations: [0060] 1. Reduce Z-Velocity. [0061] 2 .
Pick wafer out of station that can be a PM fixture or
a slot of Airlock. The robot extends to preliminary
station values (Ro To) to pick. [0062] 3. Pass wafer
through facet multiple times and calculate the Average
Measured Offset in the reference direction, (Avg
Measured Ro,To)Reference D rect on- The default number
of times is 20, but other values are also acceptable.
[0063] 4 . Place wafer back into fixture in PM or
Airlock. [0064] 5. Calculate the new station values
for the robot: New Station Values (RF,TF) = Initial
Station Values (R0,T0) + (AVg Measured RO,TO)
Reference Direction - (Offset Table Ce/rR,Ce/rT)
statlon arm directlon [0065] Figure 7B shows
graphically the different vectors used in the
computation of the new station values for the robot.
Repeat operations 1-5 until station value adjustments
are very small, that is, under allowed tolerances. If
after a configurable maximum number of repetitions the
desired level of value adjustments has not been
reached, then an error message is generated. Typical
values for maximum number of repetitions range from 2
to 5, but other values are also possible. [0066] The
station values for the non-reference blade are
adjusted next by picking the wafer with the
non-reference blade and repeating the process
previously performed with the reference blade. After
completion, return robot to original Z-velocity.
[0067] Figure 8 shows using metrology based alignment
during calibration according to one embodiment of the
invention. This operation is also used to teach
station center. In one embodiment, the final alignment
of station position is fine tuned by interpreting etch
rate results using Bevel Analysis Software (BAS). This
technique for using an etched wafer to set up the
wafer handling is called Metrology Based Alignment
(MBA). [0068] Figure 9A depicts a fine tuning
operation during calibration in one embodiment. The
wafer is placed in the PM with Dynamic Alignment III
centering, and then the wafer is picked and the offset
measured with the same or a different arm, using
Dynamic Alignment III. One embodiment to implement the
Dynamic Alignment III method is described below with
respect to the description of Figure HC. There are two
goals for performing this operation. 



The first goal is to determine where the non-reference
arm places a centered wafer relative to where the
reference arm places the centered wafer. The second
goal is to measure where thewafer is during retract,
after being centered. Each pick and place combo yields
a cluster of values, and a representative value, also
called "center," for the cluster is calculated to
change the non-reference placement position, as well
as the retract values in the offset table. This way,
both arms will place the wafer in the same spot, and a
centered wafer is measured as having no offset. It is
already known that the reference arm uses the extend
values to place the wafer in the correct location, and
now the impact of dropping and picking is assessed,
which causes the retract value to change from an ideal
zero. [0069] The small uncertainties and errors may
result in discrepancies between the initial
measurements, robot compensation, and reported
offsets. The reported offsets are grouped in clusters,
which are dependent on which blade is used to
place/pick the wafer. It is possible to use the
distribution of these clusters to fine tune calibrated
values. [0070] In one embodiment, the wafer is cycled
through all the stations using extend correction and
report on retract for all place/pick combinations,
using Dynamic Alignment III. The following operations
are performed for each station: [0071] 1. Cluster AA:
Place with reference blade, and pick with reference
blade. [0072] 2 . Cluster AB: Place with reference
blade, and pick with non-reference blade. [0073] 3 .
Cluster BB: Place with non-reference blade, and pick
with non-reference blade. [0074] 4 . Cluster BA: Place
with non-reference blade, and pick with reference
blade. [0075] 5 . Repeat five to twenty times, or
another value configured b y the user, and calculate
the average for each cluster, Cluster [Blade-Blade]
(RO,TO) Average [0076] The following changes are
applied to the offset table and robot station values
after the fine tuning: See Figure 9B for a vectorial
representation of the calculations. [0077] 1.
Calculate the new offset table retract values for
reference blade: New Offset Table Retract Values for
Reference Blade, (NrR,NrT) Ref Arm = Current Offset
Table Retract Values (CrR,CrT) Ref Arm + Cluster
Ref-Ref (RO,TO) Average- [0078] 2 . Calculate the new
station values for the non-reference blade: New
Station Values Nonref Arm (RF,Tp)NonrefArm = Current
Stn Values (R0,T0)Nonref Arm - Cluster Nonref-Ref
(RO.TO) Average + Cluster Ref-Ref (RO,TO) Average 



[0079] 3 . Calculate he offset table retract values
for the non reference blade: New Offset Table Retract
Values for (NrR,NrT) Nonref Arm = Current Offset Table
Retract Values (CrR,CrT) Nonref Arm +Cluster
Nonref-Nonref (RO,TO) Average [0080] 4 . Repeat 1-3 as
needed for optimization. [0081] Figure 10 shows a
sample distribution of results for the fine tuning
operation. The distribution of values for each cluster
is displayed on two axis, an Roffset axis and a
Toffset axis. [0082] Figures HA- H D show the process
flows for obtaining the compensation values and using
them during manufacturing. Figure H A describes the
process flow for optimizing wafer placement
repeatability in semiconductor manufacturing equipment
using a controlled series of wafer movements. In
operation 902, the method performs a preliminary
station calibration to teach a robot position for each
station interfaced to facets of a VTM used in
semiconductor manufacturing, as previously described
with respect to Figure 2 . Then, in operation 904, the
system is calibrated to obtain compensation parameters
that take into account the station where the wafer is
to be placed, position of sensors in each facet, and
offsets derived from performing extend and retract
operations of a robot arm and differences between
robot arms. The results from operation 904 are used in
operation 906 to place wafers in stations during
manufacturing using the compensation parameters.
[0083] Figure H B describes in more detail operation
904 from Figure H A to calibrate the system. In
operation 910, the method accesses a table having
nominal sensor locations for each facet. Operation 912
follows where one of the stations is identified as a
reference station and reference arm and reference
direction. In operation 914, a properly positioned
wafer is picked at the reference station. In one
embodiment, the wafer is properly positioned by using
an aligner. [0084] In operation 916, the method passes
the wafer previously picked through the different
facets of the stations, and offsets for extend and
retract are measured as the robot passes the wafer
into and out of the stations with each arm. Operation
918 creates an offset table to compensate for
differences between the measured extend and retract
offsets and the nominal sensor locations. One
embodiment for this operation was previously described
with respect to Figures 5 and 6. In operation 920, the
robot values are adjusted by performing a station
value optimization step adjusted with the calculated
values for the offset table. In operation 922, the
offset table is fine tuned by obtaining data from
repeatedly placing and picking of the wafer. 



[0085] Figure H C describes in more details operation
906 from Figure H A to place wafers in the stations
during manufacturing using the compensation
parameters. In operation 930, a dynamic alignment
algorithm is used to measure wafer center after
passing the wafer through sensors. While placing to
station in one embodiment, Offset (Measured RO,TO)
ismeasured for the appropriate facet and direction. In
operation 932, the appropriate value from the offset
table (station, extend direction, arm) is used to
calculate where wafer center is relative to the
calibrated station center, which is called the DAIII
Offset, (DAIII R0,T0). The DAIII Offset is used to
determine the Compensation Offset, (Compensation
RO,TO), which is the distance between measured wafer
center and the offset table value. (DAIII R0,T0) =
(Measured R0,T0) - (Offset Table Ce/rR,Ce/rT)
statlon,arm,d rect on = - (Compensation RO,TO) [0086]
In operation 934, Compensation Offset is used during
the 'place' command. In one embodiment, the retract
offset is graphed on dynamic alignment charts. The
measured vector equation is obtained by adding the
Compensation and Tabulated vectors. [0087] Figure H D
depicts the process for measuring wafer position when
picking a wafer from a station. After operation 906 in
Figure 1, operation 940 picks the wafer from a station
and dynamic alignment is used to measure the DAIII
Offset. In one embodiment, this value is graphed on
dynamic alignment charts. In operation 942, the
appropriate value from the offset table (station,
retract direction, arm) is used to calculate where
wafer center is relative to station center. Figure 12
describes pictorially the use of Dynamic Alignment III
according to the method described in Figure 1ID.
(DAIII RO,TO) = (Measured RO,TO) - (Offset Table
[0088] The Compensation Offset (r,t) is used to place
the wafer to Calibrated Station Center. DAIII Offset
(r,t) is the reported location of the wafer relative
to Station Center (r,t). [0089] Embodiments of the
present invention may be practiced with various
computer system configurations including hand-held
devices, microprocessor systems, microprocessorbased
or programmable consumer electronics, minicomputers,
mainframe computers and the like. The invention can
also be practiced in distributed computing
environments where tasks are performed by remote
processing devices that are linked through a
wire-based or wireless network. [0090] With the above
embodiments in mind, it should be understood that the
invention can employ various computer-implemented
operations involving data stored in computer systems.
These operations are those requiring physical
manipulation of physical quantities. 



[0091] Any of the operations described herein that
form part of the invention are useful machine
operations. The invention also relates to a device or
an apparatus for performing these operations. The
apparatus can be specially constructed for the
required purpose, or the apparatus can be a
general-purpose computer selectively activated or
configured by a computerprogram stored in the
computer. In particular, various general-purpose
machines can be used with computer programs written in
accordance with the teachings herein, or it may be
more convenient to construct a more specialized
apparatus to perform the required operations. [0092]
Although the method operations were described in a
specific order, it should be understood that other
housekeeping operations may be performed in between
operations, or operations may be adjusted so that they
occur at slightly different times, or may be
distributed in a system which allows the occurrence of
the processing operations at various intervals
associated with the processing, as long as the
processing of the overlay operations are performed in
the desired way. [0093] Although the foregoing
invention has been described in some detail for
purposes of clarity of understanding, it will be
apparent that certain changes and modifications can be
practiced within the scope of the appended claims.
Accordingly, the present embodiments are to be
considered as illustrative and not restrictive, and
the invention is not to be limited to the details
given herein, but may be modified within the scope and
equivalents of the appended claims. What is claimed
is:CLAIMS 1. A method to optimize wafer placement
repeatability in semiconductor manufacturing equipment
using a controlled series of wafer movements, the
method comprising: (a) performing a preliminary
station calibration to teach a robot position for each
station interfaced to facets of a vacuum transfer
module (VTM) used in semiconductor manufacturing; (b)
calibrating the system to obtain compensation
parameters that take into account the station where
the wafer is to be placed, position of sensors in each
facet, and offsets derived from performing extend and
retract operations of a robot arm; and (c) placing
wafers in stations during manufacturing using the
compensation parameters. 2. The method as recited in
claim 1, wherein operations (a) and (b) are performed
with a first arm identified as a reference arm of the
robot, the method further comprising performing
operations (a) and (b) with a second arm of the robot.
3. The method as recited in claim 2, further
comprising, dropping off the picked wafer once to swap
arms after performing operation (a) with the 



first arm and before performing operation (a) with the
second arm, the dropping being performing at a reduced
speed to reduce the effects of wafer shifting, and
dropping off the picked wafer once to swap arms after
performing operation (b) with the first arm and before
performing operation (b) with the second arm. 4. The
method as recited in claim 2, wherein operation (b)
further includes: (i) accessing a table having nominal
sensor locations for each facet; (ii) identifying a
reference station, a reference transfer direction, and
a reference robot arm; (iii) picking at the reference
station a wafer that is known to be properly
positioned; (iv) passing the picked wafer through the
plurality of facets and measuring extend and retract
offsets when the robot passes the wafer into and out
of the stations with each arm; (v) creating an offset
table to compensate for repeatable measurement error
induced by differences between extend and retract
direction, as well as error induced by using nominal
sensor locations; and (vi) adjusting robot values for
each station. 5. The method as recited in claim 4,
wherein rows in the offset table include, an
identifier for the combination of station and arm
used, a pair of values associated with an extend
operation, the pair of values including a radius and
an angle, and a pair of values associated with a
retract operation.6. The method as recited in claim 5,
wherein operation (b) further comprises: (vii)
refining the station locations using metrology based
alignment; and (viii) fine tuning offset table values
and robot position for each station by obtaining data
from repeatedly placing and picking of the wafer. 7.
The method as recited in claim 6, wherein (viii) fine
tuning offset table values further includes,
performing multiple measurements of the different
combinations for placing the wafer with one arm and
then picking up the wafer with the same or a different
arm, getting a cluster of values from the multiple
measurements for each combination, and calculating a
representative value for each cluster associated with
each combination to adjust a second arm placement
position and the retract values in the offset table.
8. The method as recited in claim 5, wherein operation
(c) further includes, using dynamic alignment to
measure wafer center after passing the wafer thorough 



station sensors; calculating a compensation offset as
the distance between the measured wafer center and the
offset table values, and centering the wafer during
wafer placement adjusting for the compensation offset.
9. The method as recited in claim 5, further
comprising (d) measuring wafer position when picking
the wafer from a station, the measuring wafer position
including, (i) picking the wafer from a station and
using dynamic alignment to measure the wafer center,
and (ii) using offset table values to calculate where
the wafer center is relative to the station center.
10. The method as recited in claim 5, wherein rows in
the table having nominal sensor locations include, a
station identification, a sensor identification, a
radius value, and an angle value. 11. The method as
recited in claim 1, wherein (a) further includes,
using dynamic alignment to teach the robot position in
each station.12. A method to optimize wafer placement
repeatability in semiconductor manufacturing equipment
using a controlled series of wafer movements, the
method comprising: (a) performing a preliminary
station calibration to teach a robot position for each
station interfaced to facets of a VTM used in
semiconductor manufacturing; (b) calibrating the
system, the calibrating including, (i) accessing a
table having nominal sensor locations for each facet;
(ii) identifying a reference station, a reference
transfer direction, and a reference robot arm; (iii)
picking at the reference station a wafer that is known
to be properly positioned; (iv) passing the picked
wafer through the plurality of facets and measuring
extend and retract offsets when the robot passes the
wafer into and out of the stations with each arm; (v)
creating an offset table to compensate for repeatable
measurement error 



induced by differences between extend and retract
direction, as well as error induced by using nominal
sensor locations; and (vi) adjusting robot values for
each station; and (c) placing wafers in stations
during manufacturing using the calibration results.
13. The method as recited in claim 12 wherein
operations (a) and (b) are performed with a first arm
identified as a reference arm of the robot, the method
further comprising performing operations (a) and (b)
with a second arm of the robot. 14. The method as
recited in claim 12, wherein operation (b) further
includes, (vii) refining the station locations using
metrology based alignment. 15. The method as recited
in claim 12, wherein operation (b) further includes,
(viii) fine tuning offset table values and robot
position for each station by obtaining data from
repeatedly placing and picking of the wafer. 16. The
method as recited in claim 12, wherein during
operation (b) the wafer is replaced by a calibration
fixture. 17. A method to optimize wafer placement
repeatability in semiconductor manufacturing equipment
using a controlled series of wafer movements, the
method comprising: (a) performing a preliminary
station calibration to teach a robot position for each
station interfaced to facets of a VTM used in
semiconductor manufacturing; (b) calibrating the
system, the calibrating including, (i) accessing a
table having nominal sensor locations for each facet;
(ii) identifying one of the stations as a reference
station; (iii) picking at the reference station a
wafer that is known to be properly positioned; (iv)
passing the picked wafer through the plurality of
facets and measuring extend and retract offsets when
the robot passes the wafer into and out of the
stations; (v) creating an offset table to compensate
for repeatable measurement error induced by
differences between extend and retract direction, as
well as error induced by using the nominal sensor
locations; (vi) adjusting robot values for each
station; (vii) refining the station locations using
metrology based alignment; and (viii) fine tuning
offset table values and robot position for each
station by obtaining data from repeatedly placing and
picking of the wafer; and (c) placing wafers in
stations during manufacturing using the calibration
results. 



18. The method as recited in claim 17, wherein the
passing the picked wafer of (iv) is repeated multiple
times through each facet, and wherein the creating the
offset table of (v) is performed by averaging the
results from the passing the picked wafer multiple
times in (iv) . 19. The method as recited in claim 17,
wherein the wafer is properly positioned in (iii) by
centering the wafer in the reference station using an
aligner. 20. The method as recited in claim 17,
wherein the vertical velocity of the robot is reduced
at the beginning of each operation in (b). 21. The
method as recited in claim 17 wherein operations (a)
and (b) are performed with a first arm identified as a
reference arm of the robot, the method further
comprising performing operations (a) and (b) with a
second arm of the robot. 22. The method as recited in
claim 21, wherein operation (viii) further includes,
performing multiple measurements of the different
combinations for placing the wafer with one arm and
then picking up the wafer with the same or a different
arm, getting a cluster of values from the multiple
measurements for each combination, and calculating a
representative value for each cluster associated with
each combination to adjust a second arm placement
position and the retract values in the offset table.
23. A system to optimize wafer placement repeatability
in semiconductor manufacturing equipment using a
controlled series of wafer movements, comprising: a
vacuum transfer module (VTM) used in semiconductor
manufacturing;a robot in the VTM; a plurality of
stations interfaced to facets in the VTM; a plurality
of sensors in each facet; a computer device having a
processor; a display to show results of the wafer
movements; and a memory, the memory including, a wafer
placement program, a table having nominal sensor
locations for each facet, an offset table, and fine
tuning values for the station locations; wherein the
program instructions from the wafer placement program
when executed by the processor cause the processor to,



(a) perform a preliminary station calibration to teach
a robot position for each station; (b) calibrate the
system, which causes the processor to, (i) access the
table having nominal sensor locations; (ii) identify
one of the stations as a reference station; (iii) pick
at the reference station a wafer that is known to be
properly positioned; (iv) pass the picked wafer
through the plurality of facets and measuring the
extend and retract offsets when the robot passes the
wafer into and out of the stations; (v) create the
offset table to compensate for repeatable measurement
error induced by differences between extend and
retract direction, as well as error induced by using
nominal sensor locations; (vi) adjust robot values for
each station; (vii) refine the station locations using
metrology based alignment; and (viii) fine tune offset
table values and robot position for each station by
obtaining data from repeatedly placing and picking of
the wafer; and (c) place wafers in stations during
manufacturing using the calibration results. 


