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The processed nmetrol ogy data is then used to generate feedback and

* feed-forward data for subsequent 30 processing of sem conductor wafers, as
described in block 630 of Figure 6. In one enbodi nent, the feedback and
feed-forward data is generated by the feedback/feed-forward controller 160
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i npl enented in an Advanced Process Control (APC) Framework. The present

i nvention provides a nethod and an apparatus for inplenmenting the APC
framewor k as 30 an enbedded process control framework that is integrated
into a manufacturing tool system 210, 220, 230. The APC is a preferred
platformfromwhich to inplenment the overlay control strategy taught by the
present invention. In some enbodi ments, the APC can be a factory-w de
software system theref ore, the control strat egl es taught by the pr esent

v B T B Y " o .




10" Accordingly, the protection sought herein is as set forth in the clains
below g WD 02/35300 CLAIMS A nethod, conprising: processing at |east
one sem conduct or devi ce; PCT/US01/ 25655 perform ng an enbedded process
control procedure in response to said processing of said sem conductor 5
device; and perform ng a subsequent process of sem conductor device in
response to waoxsssnbedded process control procedure. 2. PTHESOVISHOd
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sai d conpukitondiytsitvaie. (The ipe if &b chadiBtikti Fiddelr 1401 gn bOBdifled LEh, thal d depostidiSsiepm ( 210,
220, 230) LORR" t&d B lﬁmﬁﬂs&%q e wps@n%éon&awagl thﬁ xéﬁ,}o@a;@e& ﬁll%?a@ B acfibve o

receiving o

nmanuf act urqﬁ'ﬁ %P‘?ﬁ%‘%@“b‘éﬁ&o’?’% ’5(”?5‘“‘5’3%%% a(%'f ‘il?{"cesf °6'f° li’%)ds a"ffﬁ)
system (21pmewedy  230). 35 7. The apparatus of claim®6, wherein said

manuf act uri ng Touhg npd bFjgurs 1,2 flowYastidepirtiqn2i@¢ end@@nenRBBY mithodstipesordgompthitees: a
machi ne i Nfdnf iveRiod id ﬁﬁstratgdlm leastaonérﬁﬂw(fnaﬁ%mafeﬂﬂ pfo&ﬁl‘d b@llﬂ!@wnuﬂa&@x)zg tool system

| ect I hi t
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117) and st oo Pﬁ@ﬂ%eﬂ °Serﬂdon blqcly 20 of Figye 3 Pe%%%@a ﬂw‘a& Grgiton
cont r ol | erof h§®yddig@ioregp coraplapiybedurgif illustrated in Figure 6.
Turning now to Figure 6, metrology data is acquired on a wafer-to-wafer basis, as described in block 610.
In one embodiment, the metrology data is acquired by the metrology data acquisition unit 410 in the embedded
25  process controller 310. Once the metrology data is acquired, the metrology data is processed and correlated with
corresponding semiconductor wafers that are being processed, as described in block 620 of Figure 6. In one
embodiment, the processing of the acquired metrology data is performed by the metrology data processing unit 145
in the embedded process controller 310.

The processed metrology data is then used to generate feedback and feed-forward data for subsequent
30  processing of semiconductor wafers, as described in block 630 of Figure 6. In one embodiment, the feedback and
feed-forward data is generated by the feedback/feed-forward controller 160 in the embedded process controller
310. The feedback/feed-forward data is implemented in the control of subsequent processing of semiconductor
wafer, as described in block 640 of Figure 6. In one embodiment, the implementation of the feedback/feed-
forward data is performed by the manufacturing model, by making appropriate modifications to control input
35  parameters that control the operation of the manufacturing tool 320. In one embodiment, the modification to the
control input parameters is made by examining manufacturing errors that are defined by the feedback and feed-

forward data, which is illustrated by Figure 7.
Turning now to Figure 7, manufacturing error data, as defined by the feedback and feed-forward data is
acquired and analyzed, as described in block 710. The error data is acquited from one of plurality of methods
40  known by those skilled in the art. Once the error data is acquired, a determination is made whether the error data is
inside the deadband, as described in block 720 of Figure 7. The step described in block 720 is performed to deter-
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-9 WD 02/35300 PCT/USA /25655 perform ng process control upon said

" manufacturing tool (110, 112) using said machine interface (115, 117). 5 8.
The apparatus of claim7, wherein said enbedded process controller (310)
further conprises: a netrology data acquisition unit (150) capabl e of
acquiring netrology data from said manufacturing tool (110, 112); a
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the present invention can be applied to virtually any of the semiconductor manufacturing tools on the factory floor.

The APC framework also allows for remote access and monitoring of the process performance. Furthermore, by
35  utilizing the APC framework, data storage can be more convenient, more flexible, and less expensive than local
drives. The APC platform allows for more sophisticated types of control because it provides a significant amount

of flexibility in writing the necessary sofiware code.
Deployment of the control strategy taught by the present invention onto the APC framework could require
a number of software components. In addition to components within the APC framework, a computer script is
40  written for each of the semiconductor manufacturing tools involved in the control system. When a semiconductor
manufacturing tool in the control system is started in the semiconductor manufacturing fab, it generally calls upon
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5 The particular embodiments disclosed above are illustrative only, as the invention may be modified and
practiced in different but equivalent manners apparent to those skilled in the art having the benefit of the teachings
herein. Furthermore, no limitations are intended to the details of construction or design herein shown, other than as
described in the claims below. It is therefore evident that the particular embodiments disclosed above may be
altered or modified and all such variations are considered within the scope and spirit of the invention.

10 Accordingly, the protection sought herein is as set forth in the claims below.
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processing said acquired metrology data;
generating a feedback and feed-forward data using said processed metrology data; and
implementing a feedback and feed-forward control on at least one control input parameter that controls a

15 manufacturing process using said feedback and feed-forward data.

3. The method described in claim 2, wherein generating a feedback and feed-forward data further

comprises generating data that can be used to modify an exposure dosage recipe.

20 4, The method described in claim 2, wherein generating a feedback and feed-forward data further
comprises generating data that can be used to modify a focus during a photolithography process.

5. The method described in claim 2, wherein generating a feedback and feed-forward data further
comprises generating data that can be used to modify a spacer deposition process.
25
6. An apparatus,
CHARACTERIZED IN THAT,
said apparatus comprising:
a computer system (130); and
30 at least one manufacturing tool (110, 112) system (210, 220, 230) interfaced with said computer system
(130), said manufacturing tool (110, 112) system (210, 220, 230) comprising an embedded
process control system capable of receiving commands from said computer system (130) and
control a manufacturing process performed by said manufacturing tool (110, 112) system (210,
220, 230).
35
7. The apparatus of claim 6, wherein said manufacturing tool (110, 112) system (210, 220, 230)
further comprises:
a machine interface (115, 117);
a manufacturing tool (110, 112) elecironically coupled with said machine interface (115, 117); and
40 a embedded process controller (310) coupled with said machine interface (115, 117) and said
' manufacturing tool (110, 112), said embedded process controller (310) being capable of
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metrology data processing unit (145) being capable of organizing and processing said acquired

10 metrology data;
a feedback/feed-forward controller (160) coupled with said meétrology data processing unit (145), said
feedback/feed-forward controller (160) being capable of generating feedback and feed-forward
adjustment data; and .
a manufacturing model (140) coupled with said feedback/feed-forward controller (160), said
15 manufacturing model (140) being capable of using said generating feedback and feed-forward
adjustment data to perform modification to at least one control input parameter that controls an
operation of said manufacturing tool (110, 112).

20 9. A computer readable program storage device encoded with instructions that, when executed by a
computer, performs a method, comprising:
processing at least one semiconductor device;

performing an embedded process control procedure in response to said processing of said semiconductor

device; and
25 performing a subsequent process of semiconductor device in response to said embedded process control
procedure.
10. The computer readable program storage device encoded with instructions that, when executed by

a computer, performs the computer readable program storage device encoded with instructions that, when executed
30 by a computer, performs the method described in claim 9, wherein performing an embedded process control
procedure further comprises:
acquiring metrology data;
processing said acqunired metrology data;
generating a feedback and feed-forward data vsing said processed metrology date; and
35 implementing a feedback and feed-forward control on at least one control input parameter that controls a

manufacturing process using said feedback and feed-forward data.
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