WO 02/101793 A2

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
19 December 2002 (19.12.2002)

PCT

(10) International Publication Number

WO 02/101793 A2

(51) International Patent Classification”: HO1L 21/00

(21) International Application Number: PCT/US02/18495

(22) International Filing Date: 11 June 2002 (11.06.2002)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

09/881,316 12 June 2001 (12.06.2001) US

(71) Applicant: APPLIED MATERIALS, INC. [US/US];
3050 Bowers Avenue, Santa Clara, CA 95024 (US).

(72) Inventor: NULMAN, Jaim; 4272 Suzanne Drive, Palo
Alto, CA 94306 (US).

(74) Agents: DUGAN, Valerie, G. et al.; Dugan & Dugan,
LLP, 18 John Street, Tarrytown, NY 10591 (US).

(81) Designated States (national): JP, KR.

(84) Designated States (regional): European patent (AT, BE,
CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC,
NL, PT, SE, TR).

Published:
without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: SYSTEMS AND METHODS FOR CALIBRATING INTEGRATED INSPECTION TOOLS

(57) Abstract: Systems, methods and computer program products are

R

INTEGRATED
TAND = ALONE ) INSPECTION
SYSTEM

STAND=AL PROCESSING
INSPECTION SYSTEM To0L

CLEANROGH

INTEGRATED
INSPECTION
SYSTEM

PROCESSING
ToaoL

p~vided for calibrating integrated the inspection tools of one or more
processing tools. In a first aspect, a system is provided that includes
(1) a processing tool adapted to process substrates; (2) an integrated in-
spection tool coupled to the processing tool; and (3) a controller dapted
to communicate with the integrated inspection tool. The controller in-
cludes computer program code adapted to receive a first result gener-
ated by inspecting a production substrate with a stand-alone inspection
tool, and to receive a second result generated by inspecting the produc-
tion substrate with the integrated inspection tool. The computer con-
troller further includes computer program code adapted to calibrate the
integrated inspection tool based on the first and second results. Numer-

A ous other systems are provided, as are methods and computer program
10011000 w0t 2000 duct
P GTARD products.
T 1002 i 2002
¢ Z
N SELECT INTECRATED INSPECTION “;?:53lA‘AL(;“NOERTp:SLpESgﬂeg;\I{R#;ELMTTOH
: SYSTEM TO CALIBRATE GENERATE A FIRST RESULT

1003

| INSPECT A NORMAL SUBSTRATE WITH
| STAND-ALONE INSPECTION TOOL TO

} GENERATE A FIRST RESULT

) 2003
COMMUNICATE FIRST RESULT
70 CONTROLLER
T

2004

STORE NORMAL SUBSTRATE INSPECTED
BY STAND~ALGNE INSPECTION TOOL
NEAR PROCESSING TOOL

COMMUNICATE FIRST RESULT !

TO CONTROLLER .

1005

INSPECT NORMAL SUBSTRATE STORED
NEAR PROCESSING TCOL WTH
INTEGRATED INSPECTION TOOL To

INSPECT NORMAL SUSSTRATE WITH |
GENERATE SECOND RESULT

INTEGRATED INSPECTION TOOL TO
GENERATE A SECOND RESULT
1006
1 .

- 2008
f r -
| COMMUNICATE SECOND RESULT COMMUNICATE SECOND RESULT
L TO CONTROLLER l TO CONTROLLER

i - 1007 2007

: - j
| CALIBRATE INTEGRATED INSPECTION CALIBRATE INTEGRATED INSPECTION
| TOOL BASED ON FIRST AND TOOL BASED ON FIRST AND
I SECOND RESULTS i SECOND RESULTS
! -

1008 1008
END END



10

15

20

25

30

WO 02/101793 PCT/US02/18495

SYSTEMS AND METHODS FOR CALIBRATING
INTEGRATED INSPECTION TOOLS

This application claims priority from U.S. Patent
Application Serial No. 09/881,316, filed June 12, 2001,
which is hereby incorporated by reference herein in its

entirety.

FIELD OF THE INVENTION

The present invention relates generally to
calibrating inspection tools used during semiconductor
device manufacturing and other similar processes. More
specifically, the present invention relates to calibrating
integrated inspection tools used during semiconductor device

manufacturing and other similar processes.

BACKGROUND OF THE INVENTION

A recent advance in semiconductor device
manufacturing has been the development of metrology and/or
defect detection tools that are "coupled" to a processing
tool and that allow a semiconductor substrate to be
inspected while at the processing tool rather than requiring
the substrate to be transferred to a stand-alone inspection
tool. Inspection tools that are coupled in this manner to
processing tools are referred to herein as "integrated
inspection tools".

Exemplary integrated inspection tools include the
Excite™ or integrated particle monitor (IPM™) defect
detection tool manufactured by Applied Materials, Inc. Such
integrated inspection tools may be, for example, coupled to
a factory interface (e.g., a robot chamber that transfers
substrates between a factory transport agent and a

processing tool) as is known in the art.
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While integrated inspection tools offer numerous
advantages over stand-alone inspection tools (e.g.,
increased throughput via the elimination of lengthy
substrate transfers from a processing tool to a stand-alone
inspection tool), such tools still must be calibrated to
ensure their accuracy. For example, a typical semiconductor
device manufacturing facility may employ numerous processing
tools each having one or more integrated inspection tools
that must be periodically calibrated.

One technique for calibrating an integrated
inspection tool is to (1) inspect what is known as a
"standard" substrate having known properties (e.g., a
substrate having one or more precisely defined parameters
such as a uniformly deposited film having a thickness that
is guaranteed to reside within a tightly defined tolerance)
with the integrated inspection tool to generate a "result"
(e.g., a measured film thickness); and (2) adjust the tool
so that the result matches the known properties of the
standard substrate. However, such an approach has
drawbacks.

Standard substrates are expensive, and employing a
unigue standard substrate for every'integrated inspection
tool to be calibrated may be cost prohibitive. Likewise,
sharing a few standard substrates among numerous processing
tools may create significant processing delays if one or
more processing tools must idle while waiting for a
standard substrate being employed by another processing
tool. ‘

Accordingly, a need exists for improved systems

and methods for calibrating integrated inspection tools.
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SUMMARY OF THE INVENTION

In accordance with aspects of the present
invention, novel systems, methods and computer program
products are provided for calibrating the integrated
inspection tools of one or more processing tools. In a
first aspect of the invention, a system is provided that
includes (1) a processing tool adapted to process
substrates; (2) an integrated inspection tool coupled to the
processing tool; and (3) a controller adapted to communicate
with the integrated inspection tool, The controller
includes computer program code adapted to receive a first
result generated by inspecting a production substrate with a
stand-alone iﬁspection tool, and to receive a second result
generated by inspecting the production substrate with the
integrated inspection tool. The controller further includes
computer program code adapted to calibrate the integrated
inspection tool based on the first and second results.

In accordance with a second aspect of the
invention, a system is provided that includes (1) a
processing tool adapted to process substrates; (2) an
integrated inspection tool coupled to the processing tool;
and (3) a controller adapted to communicate with the
integrated inspection tool. The controller includes
computer program code adapted to receive a first result
generated by inspecting a production substrate with a stand-
alone inspection tool, and to initiate a transfer of the
production substrate from the stand-alone inspection tool to
a storage location near the processing tool. The controller
further includes computer program code adapted to initiate a
transfer of the production substrate from the storage
location to the integrated inspection tool, and to receive a
second result generated by inspecting the production

substrate with the integrated inspection tool. The
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controller also includes computer program code adapted to
calibrate the integrated inspection tool based on the first
and second results.

Methods and computer program products are provided
in accordance with these and other embodiments of the
invention. Each computer program product described herein
may be carried by a medium readable by a computer (e.g., a
carrier wave signal, a floppy disc, a compact disc, a DVD, a
hard drive, a random access memory, etc.).

Other features and aspects of the present
invention will become more fully apparent from the following
detailed description, the appended claims and the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a schematic diagram of an inventive
system for calibrating the integrated inspection tools of
one or more processing tools in accordance with the present
invention;

FIG. 1B is a flowchart of a first exemplary
process that may be performed by the system of FIG. 1A;

FIG. 1C is a flowchart of a second exemplary
process that may be performed by the system of FIG. 1A;

FIG. 2 1s a schematic diagram of an exemplary
embodiment of the controller of FIG. 1A; and

FIG. 3 is a top plan view of an exemplary
embodiment of the first processing tool and/or the second

processing tool of FIG. 1A.
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DETATL DESCRIPTION

RELEVANT TERMINOLOGY

As used herein, an integrated inspection tool
refers to an inspection tool that is coupled to a processing
tool. The inspection tool may be coupled to the processing
tool directly (e.g., to a transfer or buffer chamber of the
processing tool) or indirectly (e.g., via an interface such
as a factory interface). A processing tool may include any
known semiconductor device processing tool such as an etch
tool, a deposition tool, a cleaning tool, an oxidation tool,
a planarization tool or the like, or any other similar
processing tool (e.g., a processing tool used for
fabricating flat panel displays).

A stand-alone inspection tocl refers to an
inspection tool that is not coupled to a processing tool.
An inspection tool refers to a tool capable of performing
defect detection or metrology. Defect detection refers to
the detection and/or identification of defects,
contaminants, flaws, imperfections, deficiencies or the
like. Metrology refers to the determination of one or more
material parameters such as thickness, composition, index of
refraction, atomic structure, mechanical properties,
electrical properties or the like.

Determining may include selecting, calculating,
computing, defining, delineating, measuring or the like.
Directing may include applying, initiating, controlling,
managing or the like. Configured to or adapted to may
include formed to, designed to, selected to, constructed to,
manufactured to, programmed to or the like. Communication
may include one or two way communication, polling, or the

like.
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EXEMPLARY EMBODIMENTS OF THE INVENTTION SYSTEM

FIG. 1A is a schematic diagram of an inventive
system 100 for calibrating the integrated inspection tools
of one or more processing tools in accordance with the
present invention. With reference to FIG. 1A, the inventive
system 100 includes a first processing tool 102, a second
processing tool 104 and a stand-alone inspection tool 106
(e.g., each located at least partially within a clean room
108). Each tool 102, 104 is in communication with a
controller 110, as is the stand-alone inspection tool 106.
More than one controller and/or stand-alone inspection tool
also may be employed, as may additional or fewer processing
tools.

In the exemplary embodiment of FIG. 1A, the first
processing tool 102 includes an integrated inspection tool
112 and the second processing tool 104 includes an
integrated inspection tool 114. Each integrated inspection
tool 112, 114 is adapted to inspect substrates processed
within the processing tool 102, 104 (e.g., before and/or
after the substrates are delivered to the processing tool
102, 104). |

The processing tools 102, 104 and the stand-alone
inspection tool 106 may each include an interface (not
shown) such as a factory interface for receiving substrates
and delivering the substrates to the tools 102, 104 and to
the stand-alone inspection tool 106. For example, each
interface (not shown) may be coupled to an overhead conveyor
system (e.g., a factory wide conveyor system, a clean room
wide conveyor system 116, etc.) to receive substrates, or
may receive substrates via any other mechanism (e.g., via an
automated guided vehicle, a technician, or the like). 1In

this manner, substrates may be transferred between the
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processing tools 102, 104 and the stand-alone inspection
tool 106 as described below.

The first processing tool 102 may comprise any
apparatus suitable for performing semiconductor device
manufacturing processes or similar processes such as an etch
tool, a deposition tool, a lithography tool, a planarization
tool, an electroplating tool, etc. One exemplary embodiment
of the first processing tool 102 is described below with
reference to FIG. 3.

The second processing tool 104 similarly may
comprise any apparatus suitable for performing semiconductor
device manufacturing processes or similar processes such as
an etch tool, a deposition tool, a lithography tool, a
planarization tool, an electroplating tool, etc. The second
processing tool 104 also may be configured as shown in FIG.
3.

The stand-alone inspection tool 106 may comprise
any conventional stand-alone inspection tool such as a
conventional stand-alone thickness measurement tool, defect
detection tool or the like. Manufacturers of conventional
stand-alone inspection tools include, for example, KLA-
Tencor and Applied Materialsg, Inc.. One exemplary stand-
alone inspection tool is the stand-alone version of the
Excite™ defect detection tool manufactured by Applied
Materials, Inc. The clean room 108 may comprise any
conventional clean room, and the processing tools 102, 104
and the stand-alone inspection tool 106 need not be located
in the same clean room. An exemplary embodiment of the
controller 110 is described below with reference to FIG. 2.
Exemplary integrated inspection tools are described below
with reference to FIG. 3.

As described below with reference to FIGS. 1B-3,

the inventive system 100 allows any number of integrated

7
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inspection tools to be easily and rapidly calibrated without
requiring the integrated inspection tools to inspect costly
"standard" substrates. Each integrated inspection tool may
be calibrated by inspecting a "production" substrate (i.e.,
a substrate that need not (but may) be a standard substrate)
with a stand-alone inspection tool, inspecting the
production substrate with an integrated inspection tool,
determining the difference in the results of the inspections
and using the difference as an offset for the integrated
inspection tool's future measurements. Performing this
process for each integrated inspection tool may quickly and
inexpensively eliminate tool-to-tool measurement variations.

Aspects of the invention allow a plurality of
production substrates to be inspected by the stand-alome
inspection tool 106 and distributed to and stored near the
processing tools 102 and 104. Each integrated inspection
tool 112, 114 then may be calibrated at any time based on
the production substrates stored near the processing tools
102, 104 without requiring long transfer delays between the
stand-alone inspection tool 106 and the integrated
inspection tool 112, 114, and without waiting for the stand-
alone inspection tool 106 to perform inspections.

Integrated inspecﬁion tool calibration times thereby are
significantly decreased. Numerous other aspects are also
provided.

Specific exemplary processes that may be performed
by the inventive system 100 are described with reference to
FIGS. 1B and 1C. Exemplary embodiments of the controller
110 are described with reference to FIG. 2, and exemplary
embodiments of the processing tools 102, 104 are described
below with reference to FIG. 3.

FIG. 1B is a flowchart of a first exemplary
process 1000 that may be performed by the system 100 of FIG.
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1A. One or more of the steps of the process 1000 may be
embodied in computer program code executable by the
controller 110 and/or embodied as one or more computer
program products.

With reference to FIG. 1B, the process 1000 begins
in step 1001. In step 1002, the controller 110 selects one
of the integrated inspection tools 112, 114 of the
processing tools 102, 104 to calibrate. For example, the
controller 110 may contain an algorithm (e.g., computer
program code) that determines when each integrated
inspection tool 112, 114 is to be calibrated. The
controller 110 may choose to calibrate an integrated
inspection tool after a certain number of substrates have
been processed within the processing tool coupled to the
integrated inspection tool, after a certain number of
substrates have been inspected by the integrated inspection
tool, after a certain time period (e.g., every 2 hours,
daily, weekly, monthly, etc.) or based on any other
criterion.

After one of the integrated inspection tools 112,
114 has been selected for calibration, in step 1003 the
controller 110 directs the stand-alone inspection tool 106
to inspect a production substrate, thereby generating a
first result (e.g., a thickness measurement, a defect
density measurement, an etch dimension measurement, etc.).

Production substrates may be stored near the
stand-alone inspection tool 106, near the processing tools
102, 104 or at any other location. In at least one
embodiment described below with reference to FIG. 1C,
production substrates are stored near the processing tools
102, 104 after the substrates have been inspected with the
stand-alone inspection tool 106. However, production

substrates similarly may be stored near the processing tools
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102, 104 prior to insgpection with the stand-alone inspection
tool 106, and transferred to the stand-alone inspection tool
106 during calibration (e.g., via a conveyor system, a
technician, etc.).

In step 1004, the stand-alone inspection tool 106
communicates the first result to the controller 110.

Assuming the first integrated inspection tool 112
was selected in step 1002, in step 1005, the production
substrate inspected by the stand-alone inspection tool 106
is transferred to the integrated inspection tool 112 and is
inspected. During and/or after inspecting the production
substrate in step 1005, the integrated inspection tool 112
generates a second result (e.g., a thickness measurement, a
defect density measurement, an etch dimension measurement,
etc.). In step 1006, the integrated inspection tool 112
communicates the second result to the controller 110.

In step 1007, the controller 110 calibrates the
integrated inspection tool 112 based on the first and second
results. For example, the controller 110 may calibrate the
integrated inspection tool 112, by (1) determining any
difference between the first result (the result generated by
the stand-alone inspection tool 106) and the second result
(the result generated by the integrated inspection tool
112); and (2) offsetting each future result generated by the
integrated inspection tool 112 by this difference. Any
other calibration technique may be similarly employed
including adjusting weighting factors, system constants,
formulas or the like used by the integrated inspection tool
112 to generate inspection results. In step 1008, the
process 1000 ends.

The process 1000 may be employed to calibrate the
integrated inspection tool of each processing tool 102, 104,

and the controller 110 may include computer program code for

10
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scheduling the calibration of each integrated inspection
tool (e.g., so as to minimize delays due to production
substrate transfer operations between the stand-alone
inspection tool 106 and the processing tools 102, 104).
During calibration a production substrate may be inspected
by an integrated inspection tool before being inspected by
the stand-alone inspection tool 106; and results of
inspections may be communicated to the controller 110 at any
time.

FIG. 1C is a flowchart of a second exemplary
process 2000 that may be performed by the system 100 of FIG.
1A. One or more of the steps of the process 2000 may be
embodied in computer program code executable by the
controller 110 and/or embodied as one or more computer
program products.

With reference to FIG. 1C, the process 2000 begins
in step 2001. In step 2002, the stand-alone inspection tool
106 is employed to inspect a production substrate, thereby
generating a first result.

In step 2003, the stand-alone insgpection tool 106
communicates the first result to the controller 110. In
step 2004, the production substrate inspected by the stand-
alone inspection tool 106 is transferred to and is stored
near one of the processing tools 102, 104. For example,
assuming the production substrate is to be employed to
calibrate the integrated inspection tool 112 of the
processing tool 102, the production substrate may be stored
near the processing tool 102 (e.g., such as in a local
storage location of a factory interface of the processing
tool 102 as described below with reference to FIG. 3).
Similarly, if the production substrate inspected by the
stand-alone inspection tool 106 is to be employed to

calibrate the integrated inspection tool 114 of the

11
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processing tool 104, the production substrate may be stored
near the processing tool 104.

Assuming the integrated inspection tool 112 is to
be calibrated, in step 2005, the integrated inspection tool
112 1s directed to inspect the production substrate stored
near the processing tool 102, thereby generating a second
result. In step 2006, the second result is communicated to
the controller 110.

In step 2007, the controller 110 calibrates the
integrated inspection tool 112 based on the first and second
results. In step 2008, the process 2000 ends.

The integrated inspection tool 114 may be
similarly calibrated. Additionally, the stand-alone
inspection tool 106 may inspect a plurality of production
substrates (to be used to calibrate both the integrated
inspection toolg 112, 114) and may store one or more of the
inspected production substrates near each processing tool -
102, 104. Each integréted inspection tool 112, 114 then may
be calibrated at any time without requiring additiomnal
inspections by the stand-alone inspection tool 106 (e.g., by
employing the production substrate or substrates that were
inspected by the stand-alone inspection tool 106 and stored
near the integrated inspection tool).

For example, because each processing tool 102, 104
may perform numerous processes (e.g., a plurality of
deposition processes that produce deposited films of
different thicknesses, a plurality of etch processes that
produce etch features of different depths, widths or
profiles, a combination of deposition and etch processes,
etc.), it may be desirable to calibrate each integrated
inspection tool 112, 114 for each process pérformed (e.g.,
go that the integrated inspection tools may perform more

accurate inspections on different thickness films or on

12
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different types of films, on different etch features, etc.).
Thus, a plurality of production substrates may be employed
to calibrate each integrated inspection tool 112, 114
wherein each production substrate is specifically configured
to allow the integrated inspection tool 112, 114 to be
calibrated for a different process performed within the
processing tool 102, 104.

It will be understood that the integrated
inspection tools 112, 114 may be inspected simultaneously or
at different times. The controller 110 may comprise
computer program code for scheduling the calibration of each
integrated inspection tool 112, 114. The controller 110 may
choose to calibrate an integrated inspection tool after a
certain number of substrates have been processed within the
processing tool coupled to the integrated inspection tool,
after a certain number of substrates have been inspected by
the integrated inspection tool, after a certain time period
(e.g., every 2 hours, daily, weekly, monthly, etc.) or based
on any other criterion. The controller 110 also may include
computer program code for scheduling when and/or if the
stand-alone inspection tool 106, the integrated inspection
tool 112 and/or the integrated inspection tool 114 are
calibrated using a standard substrate (e.g., using
conventional calibration techniques).

FIG. 2 is a schematic diagram of an exemplary
embodiment of the controller 110 of FIG. 1A. The controller
110 may be implemented as a system controller, as a
dedicated hardware circuit, as an appropriately programmed
general purpose computer, or as any other equivalent
electronic, mechanical or electro-mechanical device.

With reference to FIG. 2, the controller 110
comprises a processor 202, such as one or more conventional

microprocessors (e.g., one or more Intel® Pentium®

13



10

15

20

25

30

WO 02/101793 PCT/US02/18495

processors). The processor 202 is in communication with a
communication port 204 through which the processor 202
communicates with other devices (e.g., with tools 102, 104,
with the stand-alone inspection tool 106 and/or with any
other relevant device). The communication port 204 may
include multiple communication channels for simultaneous
communication with, for example, the first processing tool
102, the second processing tool 104, the stand-alone
inspection tool 106 and/or any other relevant device.

Those skilled in the art will understand that
devices in communication with each other need only be
"capable of" communicating with each other and need not be
continually transmitting data to or receiving data from each
other. On the contrary, such devices need only transmit
data to or receive data from each other as necessary, and
may actually refrain from exchanging data most the time.
Further, devices may be in communication even though steps
may be required to establish a communication link.

The processor 202 also is in communication with a
data storage device 206. The data storage device 206 may
comprise an appropriate combination of magnetic, optical
and/or semiconductor memory, and may include, for example,
random access memory (RAM), read only memory (ROM), a
compact disk, a floppy disk, a DVD, a hard disk, or any
other storage medium. The processor 202 and the data
storage device 206 each may be, for example, located
entirely within a single computer or other computing device,
or connected to each other by a communication medium, such
as a serial port cable, a telephone line or a radio
frequency transceiver. Alternatively, the controller 110
may comprise one or more computers that are connected to a

remote server computer (not shown).
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In the exemplary embodiment of the controller 110
shown in FIG. 2, the data storage device 206 may store, for
example, (i) a program 208 (e.g., computer.program code
and/or a computer program product) adapted to direct the
processor 202 in accordance with the present invention, and
particularly in accordance with one or more of the processes
described in detail herein; and (ii) a database 210 adapted
to store various information employed by the controller 110
such as system constants for one or more of the tools 102,
104 (e.g., calibration constants), algorithms foxr
determining when to calibrate the integrated inspection tool
of each processing tool 102, 104 as previously described,
and/or any other relevant information. Note that rather
than employing a database 210 to store system constants,
algorithms or the like, such information may be hard coded
in the program 208.

The program 208 may be stored in a compressed, an
uncompiled and/or an encrypted format, and may include

computer program code that allows the controller 110 to:

1. receive a first result generated by inspecting a
production substrate with the stand-alone
inspection tool 106;

2. receive a second result generated by inspecting
the production substrate with the integrated

inspection tool 112 or 114; and

3. calibrate the integrated inspection tool 112 or
114 based on the first and second results.

Numerous additional functions and/or processes may be
performed via the controller 110 as described further below.

The computer program code required to implement
the above functions (and the other functions described

herein) can be developed by a person of ordinary skill in
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the art, and is not described in detail herein. The
controller 110 may include any peripheral devices (e.g.,
keyboards, computer displays, pointing devices, etc.,
represented generally as input/output device 212) required
to implement the above functionality.

Note that instructions of the program 208 may be
read into a main memory (not shown) of the processor 202
from a computer readable medium other than the data storage
device 206 such as from a ROM or from a RAM. While
execution of sequences of instructions in the program 208
causes the processor 202 to perform many of the process
steps described hefein, hardwired circuitry may be used in
place of, or in combination with, software instructions for
implementation of the processes of the present invention.
Thus, embodiments of the present invention are not limited
to any specific combination of hardware and software.

FIG. 3 is a top plan view of an exemplary
embodiment of the first processing tool 102 and/or the
second processing tool 104 of FIG. 1A (as represented by
reference numerals 102, 104 in FIG. 3). With reference to
FIG. 3, the processing tool 102, 104 comprises a processing
system 302 coupled to a factory interface 304. The
processing system 302 includes a transfer chamber 306 which
houses a first substrate handler 308. The transfer chamber
306 is coupled to a first loadlock 310a, a second loadlock
310b, a first processing chamber 312a, a second processing
chamber 312b, a third processing chamber 312c, a fourth
processing chamber 312d, a first auxiliary processing
chamber 314a and a second auxiliary processing chamber 314b.
Fewer or more processing chambers or auxiliary processing
chambers may be employed, and the controiler 110 may
communicate with and/or control the processes performed

within each chamber.
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Loadlock chambers 310a-b may comprise any
conventional loadlock chambers capable of transferring
substrates from the factory interface 304 to the transfer
chamber 306. The processing chambers 312a-d may comprise
any conventional processing chambers such as etch chambers,
deposition chambers, etc. The auxiliary processing chambers
3l4a-b, if employed, may include, for example, cooldown
chambers, substrate orientors, degas chambers, inspections
chambers or the like. In the embodiment of FIG. 3, the
processing system 302 is based on a Centura™ platform
manufactured by Applied Materials, Inc. Any other
platform/system may be similarly employed such as an Endura™
platform or a Producer™ platform, a Mirra™ Mesa™ cleaning
system, a Mirra™ Reflexion™ cleaning system, etc., all
manufactured by Applied Materials, Inc. That is, the
processing system 302 may perform any semiconductor device
manufacturing process (or similar process) and may be based
on any equipment platform.

The factory interface 304 includes a buffer
chamber 316 which houses a second substrate handler 318 and
which is coupled to a plurality of loadports 320a-d. It
will understood that in general, any number of substrate
handlers may be located within the buffer chamber 316, aﬁd
that any number of loadports may be coupled to the buffer
chamber 316. Local carrier storage 326 (shown in phantom)
for supplying substrate carriers such as front opening
unified pods (FOUPs) to the interface 304 may be coupled to
the interface 304. Exemplary local carrier storage 326
includes a stocker such as a central stocker, a bay stocker
or the like. In one embodiment, the local carrier storage
326 comprises a bay distributed stocker adapted to store
FOUPs on storage shelves located above the factory interface

316 as described in U.S. Patent Application Serial No.
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09/201,737, filed December 1, 1998 and titled "Apparatus for
Storing and Moving a Cassette" (AMAT DOCKET NO. 2862), the
entire contents of which are hereby incorporated by
reference herein. Additional local storage may be provided
within the factory interface 316 such as at a storage
location 328 (shown in phantom) that is adapted to store
individual substrates within the buffer chamber 316.

In at least one embodiment of the invention,
production substrates inspected by the stand-alone
inspection tool 106 may be stored near a processing tool
(e.g., in step 2004 of FIG. 1C) by storing the substrates in
the local carrier storage 326. The substrates may be stored
in a substrate carrier such as a FOUP, etc. For example,
production substrates may be stored in a FOUP on a shelf of
a stocker (e.g., a bay distributed stocker). Production
substrates also may be stored in the storage location 328 of
the factory interface 316.

As shown in FIG. 3, the processing tool 102, 104
includes the integrated inspection tool 112 or 114 (as
indicated by reference numerals 112, 114 in FIG. 3). In the
exemplary embodiment of FIG. 3, the integrated inspection
tool 112, 114 includes a defect detection tool 324a and a
metrology tool 324b both coupled to the buffer chamber 316
of the factory interface 304. Alternatively, the integrated
inspection tool 112, 114 may include only one of the defect
detection tool 324a and the metrology tool 324b, or may be
coupled directly to the processing tool 302 rather than to
the factory interface 304 (e.g., by coupling the defect
detection tool 324a and/or the metrology tool 324b to the
transfer chamber 306 such as at the location of one or more
of the auxiliary processing chambers 314a-b).

The defect detection tool 324a may comprise any

conventional defect detection tool capable of detecting
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and/or characterizing defects on a surface of a substrate.
In at least one embodiment of the invention, the defect
detection tool 324a comprises the Excite™ defect detection
tool manufactured by Applied Materials, Inc. The defect
detection tool 324a may, for example, merely provide a
measure of defect density on a substrate surface or may
provide detailed information about any detected defects such
as defect characterization information. The defect
detection tool 324a may provide such information to the
controller 110.

The metrology tool 324b may comprise any
conventional integrated metrology tool such as a thickness
measurement tool, an etch depth/width/profile measurement
tool or the like. The metrology tool 324b may provide
measurement information to the controller 110.

In operation, a substrate carrier is delivered to
the factory interface 304 of the proceésing tool 102, 104 of
FIG. 3 (e.g., from local carrier storage 326, from an
overhead conveyor system, etc.). In particular, the
substrate carrier is delivered to one of the loadports 320a-
d. Each loadport 320a-d may or may not be configured with
pod opening capability for opening sealed substrate
carriers. Once the substrate carrier has been loaded into
the appropriate loadport 320a-d of the factory interface
304, the substrate handler 318 retrieves a substrate from
the substrate carrier and transfers the substrate to the
first loadlock 310a. Thereafter the substrate handler 308
of the processing tool 302 retrieves the substrate from the
first loadlock 310a and transfers the substrate to one of
the chambers 312a-d. The substrate is then processed within
the chamber, and transferred to and procesgssed within the
remaining chambers if desired. Thereafter, the substrate is

transferred to the second loadlock 310b.
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Prior to processing within one of the chambers
312a-d and/or after processing within one of the chambers
312a-d the substrate may be processed within one or both of
the auxiliary processing chambers 31l4a-b (e.g., for
substrate Crientation purposes, for degassing, for cooldown,
eté.).

The substrate handler 318 of the factory interface
304 retrieves the substrate from the second loadlock 310b
and transfers the substrate to one of the defect detection
tool 324a and the metrology tool 324b. Assuming the
substrate is first transferred to the defect detection tool
324a, the defect detection tool 324a performs defect
detection (e.g., determines the defect density on the
surface of the substrate, identifies or otherwise
characterizes defects on the surface of the substrate, etc.)
and communicates information regarding the results of the
defect detection to the controller 110. The substrate
handler 318 of the factory interface 304 retrieves the
substrate from the defect detection tool 324a and transfers
the substrate to the metrology tool 324b.

The metrology tool 324b analyzes the substrate to
determine information applicable to the processed performed
on the substrate within the processing system 302 (e.g.,
measures etch depth, etch width, etch profile, deposited
film thickness, etc.). The metrology tool 324b then
provides this information to the controller 110. The
substrate handler 318 of the factory interface 304 retrieves
the substrate from the metrology tool 324b and returns the
substrate to a substrate carrier (located within one of the
loadports 320a-d and/or in the local carrier storage 326).
The substrate handler 318 may be similarly employed to
transfer production substrates between the loadports 320a-d

and the tools 324a, 324b (during calibration operations).

20



10

15

20

25

WO 02/101793 PCT/US02/18495

The defect detection tool 324a and the metrology
tool 324b may be calibrated employing the inventive
processes described herein (e.g., process 1000 or 2000).

For example, production substrates inspected via the stand-
alone inspection tool 106 may be inspected via the tools
324a, 324b, and the toolg 324a, 324b may be calibrated based
on the results of these inspections in accordance with the
process 1000. Likewise production substrates inspected via
the stand-alone inspection tool 106 may be stored in one of
the storagg locations 326, 328, and subsequently inspected
with the tools 324a, 324b. The tools 324a, 324b then may be
calibrated in accordance with the process 2000.

The foregoing description discloses only exemplary
embodiments of the invention. Modifications of the above
disclosed apparatus and method which fall within the scope
of the invention will be readily apparent to those of

ordinary skill in the art. For instance, the storage

‘locations employed to store production substrates such as

the storage locations 326, 328 may be environmentally
controlled (e.g., vacuum sealed, purged within an inert gas,
etc.), may comprise substrate carriers such as front opening
unified pods, etc.

Accordingly, while the present invention has been
disclosed in connection with exemplary embodiments thereof,
it should be understood that other embodiments may fall
within the spirit and scope of the invention, as defined by

the following claims.
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THE INVENTTION CIATMED IS:
1. A system comprising:
a processing tool adapted to process substrates;
an integrated inspection tool coupled to the
processing tool; and
a controller adapted to communicate with the
integrated inspection tool, the controller having computer
program code adapted to:
receive a first result generated by
inspecting a production substrate with a stand-alone
inspection tool;
recelve a second result generated by
inspecting the production substrate with the integrated
inspection tool; and '
calibrate the integrated inspection tool

based on the first and second results.

2. The system of claim 1 further comprising a stand-
alone inspection tool adapted to inspect the production

substrate and to generate the first result.

3. The system of claim 1 wherein the controller
comprises computer program code adapted to calibrate the
integrated inspection tool by:

determining a difference between the first and
gsecond results; and
using the difference to offset future results of

the integrated inspection tool.
4, The system of claim 1 further comprising a storage

location adapted to store the production substrate near the

processing tool.

22



10

15

20

25

30

WO 02/101793 PCT/US02/18495

5. The system of claim 4 wherein: -
the storage location is adapted to store a
plurality of production substrates, each configured to allow
the integrated inspection tool to be calibrated for a

different process performed within the processing tool.

6. The system of claim 4 wherein the storage location

is adapted to be environmentally controlled.

7. The gystem of claim 6 wherein the storage location

is adapted to be purged by an inert gas.

8. The system of claim 1 wherein:
the processing tool includes an interface adapted
to:
receive substrates to be processed within the
processing tool; and
deliver the substrates to the processing
tool; and
the integrated inspection tool is coupled to the

processing tool via the interface.

9. The system of claim 8 wherein the interface

comprises a factory interface.

10. The gystem of claim 8 wherein the interface
includes a storage location adapted to store the production

substrate.
11. The system of claim 10 wherein the storage

location is adapted to store a plurality of production

substrates.
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12. The system of claim 10 wherein the storage
location comprises a substrate carrier.
13. The system of claim 12 wherein the substrate

carrier comprises a front opening unified pod.

14. The system of claim 1 wherein the integrated

inspection tool is an integrated metrology tool.

15. The system of claim 1 wherein the integrated

inspection, tool is an integrated defect detection tool.

16. The system of claim 1 wherein the controller
comprises computer program code adapted to determine when to

calibrate the integrated inspection tool.

17. The system of claim 16 wherein the controller
comprises computer program code adapted to determine when to
calibrate the integrated inspection tool based on a number

of substrates processed within the processing tool.

18. The system of claim 16 wherein the controller
comprises computer program code adapted to determine when to
calibrate the integrated inspection tool based on a time

between calibrations.

19. The system of claim 1 wherein the controller
comprises computer program code adapted to determine when to
calibrate the stand-alone inspection tool with a standard

substrate.

20. The system of claim 1 further comprising:
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a second processing tool adapted to process
substrates; and
a second integrated inspection tool coupled to the
second processing tool; and
wherein the controller is adapted to communicate
with the integrated inspection tool coupled to the second
processing tool and includes computer program code adapted
to:
receive a third result generated by
inspecting a second production substrate with the stand-
alone inspection tool;
receive a fourth result generated by
inspecting the second production substrate with the second
integrated inspection tool; and
calibrate the second integrated inspection

tool based on the third and fourth results.

21. The system of claim 20 further comprising computer
program code adapted to determine when to calibrate each

processing tool.

22. A method for use with a processing tool having an
integrated inspection tool coupled to the processing tool,
the integrated inspection tool adapted to inspect substrates
processed within the processing tool, the method comprising:

receiving a first result generated by inspecting a
production substrate with a stand-alone inspection tool;

receiving a second result generated by inspecting
the production substrate with the integrated inspection
tool; and

calibrating the integrated inspection tool based

on the first and second results.
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23. The method of claim 22 wherein calibrating the
integrated inspection tool based on the first and second
results comprises:

determining a difference between the first and
second results; and
using the difference to offset future results of

the integrated inspection tool.

24. The method of. claim 22 further comprising storing
the production substrate at a storage location near the

processing tool.

25. The method of claim 24 wherein storing the
production substrate comprises storing the production
gsubstrate at a storage location adapted to store a plurality

of production substrates.

26. The method of claim 24 wherein storing the
production substrate comprises storing the production
substrate at a storage location of an interface that couples

the integrated inspection tool to the processing tool.

27. The method of claim 26 wherein the interface

comprises a factory interface.

28. The method of claim 22 further comprising
determining when to calibrate the integrated inspection

tool.

29. The method of claim 22 further comprising:
receiving a third result generated by inspecting a
second production substrate with the stand-alone inspection

tool;
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receiving a fourth result generated by inspecting
the second production substrate with a second integrated
inspection tool; and

calibrating the second integrated inspection tool

based on the third and fourth results.

30. The system of claim 30 further comprising
determining when to calibrate each integrated inspection

tool.

31. A computer program product useable with a
processing tool having an integrated inspection tool coupled
to the processing tool, the integrated inspection tool
adapted to inspect substrates processed within the
processing tool, the computer program product comprising:

a medium readable by a computer, the computer

readable medium having computer program code adapted to:

receive a first result generated by
inspecting a production substrate with a stand-alone
inspection tool;

receive a second result generated by
inspecting the production substrate with the integrated
inspection tool; and

calibrate the integrated inspection tool

based on the first and second results.

32. A system comprising:
a processing tool adapted to process substrates;
an integrated inspection tool coupled to the
processing tool; and
a controller adapted to communicate with the
integrated inspection tool, the controller having computer

program code adapted to:
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receive a first result generated by
inspecting a production substrate with a stand-alone
inspection tool;

initiate a transfer of the production
substrate from the stand-alone inspection tool to a storage
location near the processing tool;

initiate a transfer of the production
substrate from the storage location to the integrated
inspection tool;

receive a second result generated by
inspecting the production substrate with the integrated
inspection tool; and

calibrate the integrated inspection tool

based on the first and second results.

33. A method for use with a processing tool having an
integrated inspection tool coupled to the processing tool,
the integrated inspection tool adapted to inspect substrates
processed within the processing tool, the method comprising:

receiving a first result generated by inspecting a
production substrate with a stand-alone inspection tool;

storing the production substrate near the
processing tool; '

receiving a second result generated by inspecting
the production substrate with the integrated inspection '
tool; and

calibrating the integrated inspection tool based

on the first and second results.
34. A computer program product useable with a

processing tool having an integrated inspection tool coupled

to the processing tool, the integrated inspection tool
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adapted to inspect substrates processed within the
processing tool, the computer program product comprising:
a medium readable by a computer, the computer

readable medium having computer program code adapted to:

receive a first result generated by
inspecting a production substrate with a stand-alone
inspection tool;

initiate a transfer of the production
substrate from the stand-alone inspection tool to a storage
location near the processing tool;

initiate a transfer of the production
substrate from the storage location to the integrated
inspection tool;

receive a second result generated by
inspecting the prdduction substrate with the integrated
inspection tool; and

calibrate the integrated inspection tool

based on the first and second inspection results.

35. A method comprising:

selecting one of a plurality of integrated
inspection tools to calibrate;

inspecting a production substrate with a stand-
alone inspection tool to generate a first result;

inspecting the production substrate with the
gelected integrated inspection tool to generate a second
result;

determining a difference between the first and
second results; and

using the difference to offset future results of

the selected integrated inspeétion tool.
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1000

SELECT INTEGRATED INSPECTION
SYSTEM TO CALIBRATE

INSPECT A NORMAL SUBSTRATE WTH
STAND—ALONE INSPECTION TOOL TO
GENERATE A FIRST RESULT

COMMUNICATE FIRST RESULT
TO CONTROLLER

INSPECT NORMAL SUBSTRATE WITH
INTEGRATED INSPECTION TOOL TO
GENERATE A SECOND RESULT

COMMUNICATE SECOND RESULT
TO CONTROLLER

CALIBRATE INTEGRATED INSPECTION
TOOL BASED ON FIRST AND
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END

FIG. 1B
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3/5
(START)
2002
INSPECT A NORMAL SUBSTRATE WITH
STAND—ALONE INSPECTION TOOL TO
GENERATE A FIRST RESULT
2003
COMMUNICATE FIRST RESULT
TO CONTROLLER
2004
STORE NORMAL SUBSTRATE INSPECTED
BY STAND—ALONE INSPECTION TOOL
NEAR PROCESSING TOOL
2005

INSPECT NORMAL SUBSTRATE STORED
NEAR PROCESSING TOOL WITH
INTEGRATED INSPECTION TOOL TO
GENERATE SECOND RESULT

/ 2006

COMMUNICATE SECOND RESULT
TO CONTROLLER

2007

CALIBRATE INTEGRATED INSPECTION
TOOL BASED ON FIRST AND
SECOND RESULTS

1008
END

FIG. 1C
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