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Turning now to Figure 5, a flowchart depiction of one embodiment of the methods in accordance with the

present invention is illustrated. At least one semiconductor wafer is processed by the manufacturing tool system
20 210, as described in block 510 of Figure 5. After at least one semiconductor wafer is processed, an embedded
process control procedure is performed, as described in block 520 of Figure 5. A more detailed flowchart depiction
of the embedded process control procedure is 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 correlaied 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, ag 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 acquired 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-

-6~



(310) being capable of perform ng process control upon said manufacturin
"tool ( 110, 112) using said machine interface (115, 117). 25 8. An 19 SEP 2003
apparatus clained in claim7, wherein said enbedded process controller

(310) further conprises: a netrology data acquisition unit ( 150) capable
of acquiring netrology data fromsaid nmanufacturing tool (110, 112); 29
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readabl e nedi urwvieng detbetinatint i1made) 9§ shovad ih ik 7207 ebkt, an \adroe Correspending w© @ cidigtolanput
computer, %ﬂlflsQEt%Ld@thJﬁdmg fultfer frocadbi chia{mARYng 3 Sonfd infid FrkatiBrerslio bohpedsate
) Ay' SL '2@" é er%rs, is B/ertA rinecfa\ Xs descr@e Aloc ’A{ OANEARL 7. The value of the error corresponding to a
control input signal is used to update that control input parameters that control the manufacturing tool 320 for a
subsequent manufacturing process step.
The completion of the steps described in Figures 6 and 7 substantmlly completes the step of performing
the embedded process control procedure described in block 520 of Figure 5. Turning back to Figure 5, once the
25 embedded process control procedure is implemented, subsequent processing of semiconductor wafer is
commenced, as described in block 530 of Figure 5. The principles taught by the present invention can be
implemented in other types of manufacturing and process control settings.
The principles taught by the present invention can be implemented in an Advanced Process Control (APC)
Framework. The present invention provides a method and an apparatus for implementing the APC framework as
30  an embedded process control framework that is integrated into a manufacturing tool system 210, 220, 230. The
APC is a preferred platform from which to implement the overlay control strategy taught by the present invention.
In some embodiments, the APC can be a factory-wide software system, therefore, the control strategies taught by
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 software 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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10 metrology data related to said processed semiconductor device (105); and
performing a subsequent process of semiconductor device (105) in response to

said embedded process control procedure.

2. A method as claimed in claim 1, wherein performing an embedded process
15 control procedure further comprises:
acquiring metrology data;
processing said acquired metrology data;
generating feedback and feed-forward data using said processed metrology
data; and
20 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.

3. A method as claimed in claim 2, wherein generating a feedback and feed-
25 forward data further comprises generating data that can be used to modify an

exposure dosage recipe.

4, A method as claimed in claim 2 or claim 3, wherein generating a feedback and
feed-forward data further comprises generating data that can be used to modify a

30 focus during a photolithography process.
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5. A method as claimed in claim 2, 3 or 4, wherein generating a feedback and
feed-forward data further comprises generating data that can be used to modify a

spacer deposition process.

6. An apparatus comprising:
a computer system (130); and
at least one manufacturing tool system (210, 220, 230) interfaced with said
computer system (130), said manufacturing tool system (210, 220, 230) comprising an
10 embedded process control system (310) capable of receiving commands from said
computer system (130) and controlling a manufacturing process performed by said
manufacturing tool system (210, 220, 230) said embedded process control system
(310) being embedded into said manufacturing tool system (210, 220, 230) and being
capable of performing an embedded process control procedure.
15
7. An apparatus as claimed in claim 6, wherein said manufacturing tool system
(210, 220, 230) further comprises:
a machine interface (115, 117),
a manufacturing tool (110, 112) electronically coupled with said machine
20 interface (115, 117); and
an 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 performing process control upon said manufacturing tool (110,
112) using said machine interface (115, 117).
25
8. An apparatus claimed in claim 7, wherein said embedded process controller
(310) further comprises:
a metrology data acquisition unit (150) capable of acquiring metrology data
from said manufacturing tool (110, 112);
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generating feedback and feed-forward adjustment data; and
a manufacturing model (140) coupled with said feedback/feed-forward
controller (160), said manufacturing model (140) being capable of using said
generating feedback and feed-forward adjustment data to perform modification to at
10 least one control input parameter that controls an operation of said manufacturing tool
(110, 112).

9. A computer readable program storage device encoded with instructions that,
when executed by a computer, performs a method, comprising:
15 processing at least one semiconductor device (105);
performing an embedded process control procedure in response to said
processing of said semiconductor device (105), said embedded process control being
performed by a process control system (310) embedded into a manufacturing tool
system (210, 220, 230) said embedded process control procedure comprising
20 performing at least one of a feedback and a feed-forward correction based upon
metrology data related to said processed semiconductor device (105); and
performing a subsequent process of semiconductor device (105) in response to

said embedded process control procedure.

25 10. A computer readable medium encoded with instructions that, when executed

by a computer, performs a method as claimed in any one of claims 1 to 5.



