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(57) ABSTRACT

Automatic methods and systems for manufacturing recipes
feedback control. Relationships among manufacturing reci-
pes are determined. Wafers are processed based on the
manufacturing recipes. The wafers are measured by metrol-
ogy tools after processing. Feedback information for the
manufacturing recipes is acquired from the metrology tool.
The manufacturing recipes are automatically modified
according to the feedback information and the determined
relationships.
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AUTOMATIC METHODS AND SYSTEMS
FOR MANUFACTURING RECIPE
FEEDBACK CONTROL

BACKGROUND

[0001] The present invention relates to wafer manufactur-
ing methods, and in particular to computer-implemented
automatic methods and systems for manufacturing recipes
feedback control.

[0002] In integrated circuit (IC) related manufacturing
foundries, such as semiconductor product foundries, manu-
facturing recipes are applied to manufacturing tools for IC
product manufacture. FIG. 1 is a diagram of a conventional
method of manufacturing recipe feedback control. Manu-
facturing recipes 100 are generally stored in a manufacturing
execution system (MES) database connected to manufactur-
ing tools. When a wafer or wafer lot arrives at a manufac-
turing tool 102, the manufacturing tool 102 verifies the
wafer or wafer lot. A proper or prearranged manufacturing
recipe is selected from the MES database. The arriving
wafer or wafer lot is then processed by the manufacturing
tool 102 according to the manufacturing recipe. After manu-
facturing, the wafer or wafer lot is transferred to a metrology
tool 104 to measure manufacturing result, such as a film
deposition thickness, and to acquire feedback information.
The manufacturing recipes 100 are then modified manually
by operators 106 based on the feedback information.

[0003] Such manual modification of manufacturing reci-
pes is time-consuming and error-prone. Additionally, rela-
tionships among manufacturing recipes are complex, includ-
ing one-to-one, one-to-multiple, and multiple-to-one
correlation types. FIG. 2 is a diagram illustrating conven-
tional relationships among manufacturing recipes. Manufac-
turing Recipe-A 200 is a process related to a multi-layered
operation, comprising manufacturing Recipe-B 202 and
Recipe-C 204, thus the relationship is a one-to-multiple
type. Manufacturing Recipe-B 202, Recipe-C 204, and
Recipe-D 206 form manufacturing Recipe-E 208, thus the
relationship is a multiple-to-one type. Similarly, manufac-
turing Recipe-C 204 and Recipe-D 206 form manufacturing
Recipe-F 210. Therefore, manufacturing Recipe-E 208 is a
common recipe for manufacturing Recipe-B 202, Recipe-C
204, and Recipe-D 206 and manufacturing Recipe-F 210 is
a common recipe for manufacturing Recipe-C 204 and
Recipe-D 206.

[0004] Here, manufacturing Recipe-G 212 does not actu-
ally exist, but may be formed by manipulations of other
recipes. For example, manufacturing Recipe-G 212 is a
resulting recipe 214 of Recipe-A 200 less the process of
Recipe-C 204. Thus, manufacturing Recipe-G 212 is a
virtual recipe.

[0005] Manual modification of common or virtual recipes
is difficult. For example, if manufacturing Recipe-B 202 has
been changed, manufacturing Recipe-E 208 must be
changed accordingly. For virtual manufacturing recipes,
manufacturing Recipe-G 212 cannot be recognized by
operators but need to be modified for manufacturing. As
relationships among recipes become more complicated,
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modification becomes increasingly difficult. Thus, automatic
methods and systems for manufacturing recipe feedback
control are desirable.

SUMMARY

[0006] An embodiment of the invention provides auto-
matic methods for manufacturing recipe feedback control.
Relationships between manufacturing recipes are deter-
mined. The manufacturing recipes are used in wafer manu-
facture. After processing, the wafers are transferred to
metrology tools and measured thereby to acquire feedback
information for the manufacturing recipes. The manufactur-
ing recipes are automatically modified according to the
feedback information and the determined relationships.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The present invention can be more fully understood
by reading the subsequent detailed description and examples
with references made to the accompanying drawings,
wherein:

[0008] FIG. 1 is a diagram of a conventional method of
manufacturing recipe feedback control.

[0009] FIG. 2 is a diagram illustrating conventional rela-
tionships among manufacturing recipes.

[0010] FIG. 3 is a flowchart of an exemplary embodiment
of a computer-implemented method for automated manu-
facturing recipe feedback control.

[0011] FIG. 4 is a diagram of an exemplary embodiment
of a system for automated manufacturing recipe feedback
control.

[0012] FIG. 5 is a diagram of an exemplary implementa-
tion of a system for automated manufacturing recipe feed-
back control.

DESCRIPTION

[0013] FIG. 3 is a flowchart of an exemplary embodiment
of a computer-implemented method for automated manu-
facturing recipe feedback control. Relationships among
manufacturing recipes are first determined (step S300).
Relationships may be a one-to-one, one-to-multiple, or
multiple-to-one type corresponding correlations. Relation-
ship determination can also identify common and virtual
manufacturing recipes.

[0014] The manufacturing recipes are then applied to
manufacture wafers (step S302), which may comprise a film
deposition process. The wafers are measured by metrology
tools after being manufactured (step S304). Here, with the
wafer manufacturing a film deposition process, the metrol-
ogy tools measure film thickness to verify the manufacturing
results. Feedback information for the manufacturing recipes
is then acquired from the metrology tools (step S306). The
manufacturing recipes are modified automatically according
to the feedback information of the verification results and
the determined relationships (step S308). Thereafter, wafers
can be processed according to the modified manufacturing
recipes. The relationships and recipes, original or modified,
can be stored in a MES database.

[0015] FIG. 4 is a diagram of an exemplary embodiment
of a system for automated manufacturing recipe feedback
control, comprising a determination module 40, metrology
tools 42, an acquisition module 44, and a modification
module 46.
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[0016] The determination module 40 determines relation-
ships between manufacturing recipes. The manufacturing
recipes are provided to process wafers, such as in a film
deposition process. Metrology tools 42 measure the wafers
after processing with the manufacturing recipes. If the
manufacturing is a film deposition process, the measurement
can be film thickness.
[0017] The acquisition module 44, coupled to the metrol-
ogy tools, acquires feedback information of the manufac-
turing results of the manufacturing recipes from the metrol-
ogy tools. The modification module 46 automatically
modifies the manufacturing recipes according to the feed-
back information and the relationship.
[0018] Here, again, relationships include one-to-one, one-
to-multiple, or multiple-to-one types. Relationship determi-
nation also identifies common and virtual manufacturing
recipes.
[0019] FIG. 5 is a diagram of an exemplary implementa-
tion of a system for automated manufacturing recipe feed-
back control. Manufacturing recipes 500 are stored in a MES
database 50 connected to a manufacturing tool 502. When a
wafer lot arrives at the manufacturing tool 502, the manu-
facturing tool 502 verifies the wafer lot and selects a
corresponding manufacturing recipe from the MES database
50. The wafer lot is then processed according to the selected
manufacturing recipe in the manufacturing tool 502. After
manufacture, the wafer lot is transferred to a metrology tool
504 for result measurement, such as film deposition thick-
ness. Feedback information 506 is acquired. The manufac-
turing recipes 500 are then modified automatically based on
the feedback information 506.
[0020] Comparing FIG. 1 with FIG. 5, manufacturing
recipe modification is automatically executed after wafer
manufacturing and measurement as shown in FIG. 5 by
applying the inventive methods, thereby decreasing errors
and conserving resources.
[0021] While the invention has been described by way of
example and in terms of preferred embodiment, it is to be
understood that the invention is not limited thereto. Those
skilled in this technology can still make various alterations
and modifications without departing from the scope and
spirit of this invention. Therefore, the scope of the present
invention shall be defined and protected by the following
claims and their equivalents.
1. A computer-implemented automatic method for manu-
facturing recipe feedback control, comprising:
determining relationships among different manufacturing
recipes of a manufacturing tool;
processing of at least one wafer based on the manufac-
turing recipes;
acquiring manufacturing results information of the manu-
facturing recipes; and
automatically modifying one of the manufacturing recipes
according to the information, and modifying the other
manufacturing recipe according to the relationships
among the different manufacturing recipes.
2. The computer-implemented automatic method for
manufacturing recipe feedback control of claim 1, wherein
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the relationships comprise one-to-one, one-to-multiple, or
multiple-to-one corresponding correlation.

3. The computer-implemented automatic method for
manufacturing recipe feedback control of claim 1, wherein
the determination further comprises common recipe deter-
mination.

4. The computer-implemented automatic method for
manufacturing recipe feedback control of claim 1, wherein
the determination further comprises virtual recipe determi-
nation.

5. The computer-implemented automatic method for
manufacturing recipe feedback control of claim 1, further
processing wafers according to the modified manufacturing
recipes.

6. The computer-implemented automatic method for
manufacturing recipe feedback control of claim 1, wherein
the relationships and the recipes are stored in a database.

7. The computer-implemented automatic method for
manufacturing recipe feedback control of claim 1, wherein
the wafer manufacture comprises a film deposition process.

8. An automatic system for manufacturing recipe feed-
back control, comprising:

a determination module, determining relationships among
different manufacturing recipes of a manufacturing
tool, wherein the manufacturing recipes are provided to
manufacture at least one wafer;

at least one tool for examining the wafer after processing;

an acquisition module, coupled to the tool, acquiring
manufacturing results information for the manufactur-
ing recipes from the tool; and

a modification module, automatically moditying one of
the manufacturing recipes according to the information,
and modifying the other manufacturing recipes accord-
ing to the relationships among the different manufac-
turing recipes.

9. The automatic system for manufacturing recipe feed-
back control of claim 8, wherein the relationships comprise
one-to-one, one-to-multiple, or multiple-to-one correspond-
ing correlation.

10. The automatic system for manufacturing recipe feed-
back control of claim 8, wherein the determination module
further executes common recipe determination.

11. The automatic system for manufacturing recipe feed-
back control of claim 8, wherein the determination module
further executes virtual recipe determination.

12. The automatic system for manufacturing recipe feed-
back control of claim 8, further comprising at least one
manufacturing tool, processing wafers according to the
modified manufacturing recipes.

13. The automatic system for manufacturing recipe feed-
back control of claim 8, wherein the relationships and the
recipes are stored in a database.

14. The automatic system for manufacturing recipe feed-
back control of claim 8, wherein in the determination
module, wafer processing comprises a film deposition pro-
cess.



