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P While the invention is susceptible to various modifications and alternative forms, specific embodiments

thereof have been shown by way of example in the drawings and are herein described in detail. It should be
understood, however, that the description herein of specific embodiments is not intended to limit the invention to
the particular forms disclosed, but on the contrary, the intention is to cover all modifications, equivalents, and
35  alternatives falling within the spirit and scope of the invention as defined by the appended claims.
MODE(S) FOR CARRYING OUT THE INVENTION
Ilustrative embodiments of the invention are described below. In the interest of clarity, not all features of
an actual implementation are described in this specification. It will of course be appreciated that in the
development of any such actual embodiment, numerous implementation-specific decisions must be made to
40  achieve the developers’ specific goals, such as compliance with system-related and business-related constraints,

which will vary from one implementation to another. Moreover, it will be appreciated that such a development
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The completion of the steps described in Figures 6 and 7 substantially 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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5 8. The apparatus of claim7, wherein said enbedded process controller
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acqui ri nowoRbi93099y data from said manufacturing tool (118cTAb&)isess
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g" 5)

acqui sitSBR tiRitipte the gesien “’§‘a’f' et Pt gyceéfaff%fmﬂ?fo%‘é"saé wlhay ponpralles) Ths cpntrg!
capabl enaiiododrg gmmllm@fmdanqbp@bma mn'@ess adrigits a Gbderdgpmif} ofighieseGLripg\cat] ednepriseca

br ocea RS porB Vi (SR bSicolubp B HRY ol oy b Oy lon B B
capabl ematemg?éqﬁlemta@ﬂlqﬁ@/m@é@wéakmmam@w sf orward adj ust ment data; and a
manuf act ur i NphePREaTIar CABENIMA© URdIREH MotdurSRisthaitve ol ae kk futedioh aay\&ndodlﬁed and
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a subsequent process of sem conductor device in response to said enbedded
process control procedure. 10. The conputer readabl e program storage device
encoded with instructions that, when executed by a conputer, perforns the
conput er readabl e program storage device encoded with; instructions that,
when executed 30 by a conputer, perfornms the nmethod described in claim?9,
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generating a feedback and feed-forward data using said processed netrol ogy
data; and 35 inplenmenting a feedback and feed-forward control on at |east
one control input paranmeter that controls a manufacturing process using
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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:
amachine interface (115, 117);
a manufacturing tool (110, 112) electronically 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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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 acquired metrology data;
generating a feedback and feed-forward data using said processed metrology data; 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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