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PROCESS RECIPE MODIFICATION IN AN 
INTEGRATED CIRCUIT FABRICATION 

APPARATUS 

TECHNICAL FIELD OF THE INVENTION 

0001 One or more embodiments of the present invention 
pertain to method and apparatus to modify proceSS recipes in 
apparatus utilized, for example, and without limitation, to 
fabricate integrated circuit (“IC") devices. 

BACKGROUND OF THE INVENTION 

0002 FIG. 1 is a pictorial representation of prior art 
wafer processing system 100 that is utilized to fabricate 
integrated circuit (“IC") devices. As shown in FIG. 1, wafer 
processing System 100 comprises one or more proceSS cells 
103-105, wafer transfer system 121, and factory interface 
122. Each of process cells 103-105 is configured to perform 
a process on a wafer Such as, for example, and without 
limitation, a chemical vapor deposition (CVD) process, a 
physical vapor deposition (PVD) process, an electro-chemi 
cal plating (ECP) process, and So forth. Factory interface 
122 includes cassette loadlock 123. Cassette loadlock 123 
Stores one or more wafer cassettes, and individual wafers are 
moved from cassette loadlock 123 to process cells 103-105 
by wafer transfer system 121. Further, the functions per 
formed by wafer processing system 100, and the order in 
which these functions are performed, are controlled by tool 
controller 200. Tool controller 200 is connected to each of 
the above-described System components in a manner that is 
well known to those of ordinary skill in the art to provide 
data and instructions thereto, and to receive data therefrom. 
In particular, with respect to process cells 103-105, at least 
a portion of the data and instructions provided thereto 
includes information that is referred to herein as “proceSS 
recipe information' or process recipes or recipes. AS is well 
known to those of ordinary skill in the art, a recipe specifies, 
among other things, timing, duration, and Sequences of 
events that take place in a processing cell. AS Such, a recipe 
may be utilized, for example, to activate gas valves to enable 
gases to enter a process cell, to Set ratings for heaters to 
enable process temperatures to be Set, to Set ratings for 
pumps to enable process preSSures to be set, and So forth. 
0.003 AS is well known, wafer processing systems like 
that shown in FIG. 1 are designed to provide substantially 
Similar processing results (i.e., within predetermined manu 
facturing tolerances) for as long as possible. Further, as 
dimensions used to fabricate IC devices become Smaller, 
manufacturing tolerances are becoming Smaller and devia 
tions from Such tolerances are becoming more costly. AS 
Such, there is a Substantial benefit in discovering processing 
results that exceed the predetermined manufacturing toler 
ances. The benefit accrueS when, for example, a proceSS cell 
that is producing poor processing results is identified and 
removed from Service. This is advantageous because a 
Source of defective IC devices is removed from Service in 
the factory, and waste is reduced. 
0004. However, it has been determined that additional 
benefits can be had by Studying processing results, and 
identifying a tendency of a process cell to produce proceSS 
ing results that (while being within manufacturing tolerance 
limits) are approaching tolerance limits. Further, it has been 
determined that Such additional benefits can be obtained in 
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Such instances by taking two types of actions. The first type 
of action is to modify processing recipes of downstream 
wafer processing Systems to compensate for processing 
results produced by an identified process cell. The Second 
type of action is to modify processing recipes of the iden 
tified process cell to cause its processing results to be closer 
to a center of the tolerance limit range. These actions provide 
still further benefits in that they may prolong the time before 
processing cells have to be taken out of Service for main 
tenance. 

0005. In light of the above, there is a need for method and 
apparatus to enable Such new or modified recipes to be 
transmitted to and used by, wafer processing Systems. 

SUMMARY OF THE INVENTION 

0006. One or more embodiments of the present invention 
advantageously Satisfy the above-identified need. In particu 
lar, one embodiment of the present invention is a method for 
modifying process recipe information utilized by a wafer 
processing System having a controller with permanent 
rewritable Storage, memory, a first and a Second communi 
cation interface, and a user interface; and one or more 
process cells to process a wafer; which method comprises 
Steps of: (a) storing baseline process recipe information in 
permanent rewritable storage; (b) retrieving baseline process 
recipe information from permanent rewritable Storage for a 
wafer in a group of wafers to be processed and Storing it in 
memory; (c) receiving process recipe modification informa 
tion utilizing the Second communication interface and Stor 
ing the process recipe modification information in memory; 
(d) overwriting at least portions of the baseline recipe 
information in memory with the process recipe modification 
information to form new recipe information; and (e) pro 
cessing the wafer utilizing the new recipe information. 

BRIEF DESCRIPTION OF THE FIGURE 

0007 FIG. 1 is a pictorial representation of a wafer 
processing System that is utilized to fabricate integrated 
circuit (“IC") devices; 
0008 FIG. 2 is a pictorial representation of the wafer 
processing System shown in FIG. 1 used in conjunction with 
a module controller System in accordance with one or more 
embodiments of the present invention. 

DETAILED DESCRIPTION 

0009 FIG. 2 is a pictorial representation of wafer pro 
cessing system 500 that is used in conjunction with module 
controller system 400 in accordance with one or more 
embodiments of the present invention. In accordance with 
one or more embodiments of the present invention, wafer 
processing system 500 is like wafer processing system 100 
shown in FIG. 1 in that it comprises one or more process 
cells 1103-1105, wafer transfer system 1121, and factory 
interface 1122, wherein: (a) each of process cells 1103-1105 
is configured to perform a process on a wafer Such as, for 
example, and without limitation, a chemical vapor deposi 
tion (CVD) process, a physical vapor deposition (PVD) 
process, an electro-chemical plating (ECP) process, and So 
forth; (b) factory interface 1122 includes cassette loadlock 
1123 (cassette loadlock 1123 stores one or more wafer 
cassettes, and individual wafers are moved from cassette 
loadlock 1123 to process cells 1103-1105 by wafer transfer 
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system 1121); and (c) the functions performed by wafer 
processing system 500, and the order in which these func 
tions are performed, are controlled by tool controller 1200. 
However, wafer processing system 500 is different from 
wafer processing system 100 shown in FIG. 1 in that: (a) 
wafer processing system 500 further includes metrology/ 
inspection/review cell 1124 that comprises one or more 
metrology/inspection/review tools that perform metrology/ 
inspection/review processes on wafers, for example, wafers 
processed by wafer processing system 500 (it should be 
understood that one metrology/inspection/review cell may 
receive wafers processed by Several wafer processing Sys 
tems, and that waferS may be processed by metrology/ 
inspection/review tools in Several inspection/review cells)- 
the metrology/inspection/review tools measure and test 
wafer characteristics and wafer defects, and in general, 
metrology/inspection/review tools may include any form of 
instrument, equipment, or process (either in combination or 
individually) that measures, for example, and without limi 
tation, dimensions of Structures on a wafer, or facilitates 
identification of defects on a wafer or defects in an IC 
formed on the wafer (generally referred to herein as defects 
or wafer defects interchangeably); and (b) tool controller 
1200 is different from tool controller 200. Like tool con 
troller 200, tool controller 1200: (a) is connected to each of 
the above-described System components, in a manner that is 
well understood by those of ordinary skill in the art, to 
provide data and instructions thereto, and to receive data 
therefrom; (b) controls functions performed by wafer pro 
cessing system 500, and the order in which these functions 
are performed; and (c) with respect to process cells 1103 
1105, at least a portion of the data and instructions provided 
thereto includes information that is referred to herein as 
“proceSS recipe information” or process recipes or recipes 
(as is well known to those of ordinary skill in the art, a 
proceSS recipe Specifies, among other things, timing, dura 
tion, and Sequences of events that take place in a proceSS 
cell). However, unlike tool controller 200, and in accordance 
with one or more embodiments of the present invention, tool 
controller 1200 can modify or change proceSS recipes used 
in various ones of process cells 1103-1105 in response to 
information received from module controller system 400. 

0010. In accordance with one or more embodiments of 
the present invention, module controller system 400 may 
utilize results produced by the metrology/inspection/review 
tools to develop new recipes for use by wafer processing 
system 500, and other downstream wafer processing sys 
tems. Advantageously, in accordance with one or more 
embodiments of the present invention, Such modifications 
enable the processing results provided by process cells 
1103-1105 within wafer processing system 500 and/or by 
proceSS cells in the other downstream wafer processing 
Systems to be maintained within predetermined manufactur 
ing tolerances. 

0011. It should be understood that embodiments of the 
present invention are not limited to those wherein wafer 
processing System 500 includes metrology/inspection/re 
view cell 1124. In fact, further embodiments exist wherein 
metrology/inspection/review tools are remote from wafer 
processing system 500. Still further embodiments exist 
wherein analysis of results provided by the metrology/ 
inspection/review tools are carried out by Systems other than 
module controller 400. 
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0012 AS is well known, process recipes may be trans 
mitted to tool controller 1200: (a) manually from an operator 
using a System user interface; or (b) automatically by means 
of data communication from a factory host Such as, for 
example, and without limitation, a Manufacturing Execution 
System (“MES”) over a communication interface (for 
example, a SECS/GEM port) using, for example, a well 
known SECS transmission protocol. In particular, Such data 
communications typically are provided to tool controller 
1200 through a first SECS/GEM port. SECS, the SEMI 
Equipment Communication Standard, enables computer 
controlled process and metrology tools from a variety of 
vendors to communicate with various types of host com 
puters using a Standard protocol in an integrated circuit 
(“IC") manufacturing or fabrication facility (“fab”). Process 
recipe information received by input utilizing the user 
interface or the first SECS/GEM port is stored at wafer 
processing system 500 by tool controller 1200, typically in 
permanent rewritable Storage Such as, for example and 
without limitation, a hard disk. 
0013 AS is known, wafers are typically processed in 
groups that are Stored in a unit that is typically referred to as 
a cassette (a typical cassette holds twenty-five (25) wafers). 
The following identification information is used to identify 
process recipe information Stored in permanent rewritable 
Storage So that Such information can be retrieved for use in 
processing wafers in the cassette: (a) a sequence recipe ID 
or name (i.e., an ID that relates to the entire cassette or to 
each wafer in the cassette); and (b) a process recipe ID for 
each proceSS cell by which a wafer will be processed in the 
wafer processing System (also referred as a sequence num 
ber) in the cassette. This identification information can be 
entered in one of two ways: (a) the operator can define a 
Sequence recipe ID for the entire cassette or for each wafer 
in the cassette (a material ID or lot ID ("MID") is associated 
with the entire cassette of wafers-this is Sometimes also 
referred to as a cassette ID); and (b) the factory host, using 
the first SECS/GEM port, can define the sequence recipe for 
the entire cassette or for each wafer (an MID is associated 
with the entire cassette). For example, assume that wafer 
processing System includes process cells A through E. Then, 
a Sequence recipe for wafer 1 might Specify that wafer 1 
proceed first through process cell E, next through proceSS 
cell A, and finally through proceSS cell C. AS a result, the 
following information may be specified for the i' wafer in 
the cassette: (a) MID or lot|D for the cassette; (b) the 
Sequence recipe ID for the cassette; (c); the number of 
process cells used to process the i" wafer in wafer process 
ing System 1000; and (d) a process recipe name for each 
process cell for the i' wafer (for example: (i) process cell A 
recipe name, (ii) process cell B recipe name, and So forth). 
In accordance with one or more embodiments of the present 
invention, the above-described identification information is 
tracked on a wafer by wafer basis because each wafer may 
be assigned a different Sequence recipe, and more that one 
Sequence recipe can utilize the same proceSS recipe in 
different proceSS cells. 
0014. In accordance with one or more embodiments of 
the present invention, module controller system 400 makes 
modifications or changes to the proceSS recipes Stored at 
wafer processing system 500. To do so, tool controller 1200 
requests (i.e. demands) temporary process recipe changes 
from module controller system 400 before processing a 
wafer. In response, tool controller 1200 receives any modi 
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fication information sent by module controller system 400 at 
a second communication interface (for, example, a second 
SECS/GEM port). The process recipe information received 
utilizing the second SECS/GEM port, i.e., information 
received from module controller system 400, is then stored 
in memory (i.e., temporary or volatile memory) for Subse 
quent use. In accordance with one or more Such embodi 
ments, modification proceSS recipe information received 
from module controller system 400 does not get written back 
to permanent rewritable Storage. In this way, after proceSS 
ing is complete, the original or “baseline” proceSS recipe 
information entered by the operator or the factory host is 
maintained without having been altered by temporary 
changes provided by module controller system 400. Advan 
tageously, this enables the operator or the factory host to 
maintain track of recipes. S/he or it Sent to tool controller 
1200. In essence, this maintains the recipes as the “cus 
tomer' (i.e., the operator or the factory host) created them. 
0.015 The following describes a method by which pro 
ceSS recipe information is obtained for use by tool controller 
1200. 

0016. Whenever wafers are to be processed utilizing 
wafer processing System 500, a group of wafers in a cassette 
is placed in cassette loadlock 1123 of factory interface 1122. 
Next, a cassette ID (also referred to as a lot ID or MID) is 
transmitted to tool controller 1200. This occurs: (a) by 
receiving operator input through the System user interface; 
(b) by receiving input from the factory host using the first 
SECS/GEM port; or (c) automatically by a cassette ID 
reader in factory interface 1122 (for example, and without 
limitation, a barcode reader). Next, whenever a wafer is 
retrieved from the cassette for transfer into the transfer 
chamber, a sequence number (for example, the slot number 
of the wafer in the cassette) is transmitted to the tool 
controller 1200 from factory interface 1122. 
0017 Next, in accordance with one or more embodi 
ments of the present invention, in order to process the wafer, 
tool controller 1200 (by means of process cell task logic 
contained therein) accesses the permanent rewritable storage 
on a wafer by wafer basis. To do this for the i" wafer in the 
cassette, tool controller 1200 uses the Sequence recipe and 
proceSS recipe name information for that Sequence recipe as 
keys to retrieve a process recipe for each process cell in the 
sequence recipe for "wafer (the process recipe retrieved is 
nominal or baseline proceSS recipe information for use in 
processing the wafer). Tool controller 1200 then stores the 
retrieved process recipe information in a data Structure for 
use during processing. Next, tool controller 1200 sends a 
message to module controller 400 utilizing the second 
SECS/GEM port to request any process recipe modification 
or change information for the i" wafer, which message 
identifies the wafer by lot ID, Sequence recipe, and Sequence 
number in the cassette. Next, module controller system 400 
Sends any proceSS recipe modification information to tool 
controller 1200 utilizing the second SECS/GEM port. For 
example, in accordance with one embodiment, module con 
troller 400 sends all changes that need to be temporarily 
applied to the proceSS recipe for a given proceSS cell, and 
tool controller 1200 will keep this information in a structure, 
for example, a lookup table, that describes all the proceSS 
recipe parameters that need to be temporarily changed for a 
given process cell. Next, tool controller 1200 writes the 
modifications or changes over the nominal or baseline 
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process recipe information Stored in the data Structure in 
memory. For example, in accordance with one or more Such 
embodiments of the present invention, tool controller 1200 
reviews the modifications, on a step by Step basis, and 
applies the modifications by overwriting existing informa 
tion in the data Structure in memory. Next, tool controller 
1200 directs wafer transfer system 1121 to transfer the wafer 
to the appropriate one of process cells 1103-1105 in accor 
dance with the sequence recipe for the i' wafer in the 
cassette. Next, tool controller 1200, utilizing the process 
recipe information Stored in the data Structure in memory for 
the wafer, Sends data and instructions to the particular one of 
process cells 1103-1105 to process the particular wafer. 
Next, after processing by one of process cells 1103-1105, the 
wafer may be transferred to another one of proceSS cells 
1103-1105 for further processing in accordance with the 
sequence recipe for the i" wafer. AS is known, Some wafers 
may be retrieved from the cassette before processing is 
complete on other wafers (for example, in a wafer process 
ing System that includes multiple process cells). Further, 
information relating to changes for Some waferS may be 
retrieved while other wafers are being processed. 
0018. In accordance with one or more embodiments of 
the present invention, temporary proceSS recipe modification 
or change information may be provided to tool controller 
1200 on a Step by Step or proceSS recipe basis. For example, 
in accordance with one or more Such embodiments, Such 
information is provided from module controller 400 in an 
XML stream that identifies the various steps of the process 
recipe information that are to be changed. In accordance 
with one or more Such embodiments of the present inven 
tion, the temporary proceSS recipe change information pro 
vided by module controller system 400 includes: (a) process 
cell index or ID; (b) process recipe step number; (c) process 
recipe step parameter name (for example, a pointer to an 
ASCII string) representing a name of a process recipe Step 
parameter; (d) parameter value (a pointer to a 32-bit integer) 
representing a new proceSS recipe Step parameter value; and 
(e) recipe name (an ASCII string that is the process recipe 
name for the given process cell). 
0019. In accordance with one or more alternative 
embodiments of the present invention, whenever module 
controller system 400 wishes to provide temporary recipe 
change information to tool controller 1200, module control 
ler System 400 transmits the temporary recipe change infor 
mation over the second SECS/GEM port. In response, tool 
controller 1200 sets a system constant referred to as “EC 
that is related to a particular process cell to a non-Zero 
number, and Stores the temporary process recipe change 
information transmitted in memory. Next, process cell task 
logic in tool controller 1200 retrieves process recipe infor 
mation from the permanent rewritable Storage. Next, before 
Starting wafer processing for the process cell, the process 
cell task logic checks the current value of EC. If EC is zero, 
there is no temporary recipe change information available, 
and wafer processing can begin. However, if EC is non-zero, 
the proceSS cell task logic checks for module controller 
Supplied temporary proceSS recipe change information, and 
writes the information into the data Structure. 

0020 Advantageously, in accordance with one or more 
embodiments of the present invention, module controller 
system 400 may provide recipe adjustments to individual 
process cell taskS. 
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0021 Those skilled in the art will recognize that the 
foregoing description has been presented for the Sake of 
illustration and description only. AS Such, it is not intended 
to be exhaustive or to limit the invention to the precise form 
disclosed. For example, the term wafer or Substrate used 
above is used in the broadest Sense, and as Such, includes 
wafers or Substrates fabricated from all kind of materials 
Such as, for example, and without limitation, Semiconductor 
materials. Such as, for example, and without limitation, 
Silicon, and waferS or Substrates formed of a glass. 
What is claimed is: 

1. A method for modifying proceSS recipe information 
utilized by a wafer processing System having a controller 
with permanent rewritable Storage, memory, a first and a 
Second communication interface, and a user interface; and 
one or more process cells to process a wafer; which method 
comprises Steps of: 

Storing baseline proceSS recipe information in permanent 
rewritable Storage; 

retrieving baseline proceSS recipe information from per 
manent rewritable Storage and Storing it in memory for 
a wafer in a group of wafers to be processed; 

receiving proceSS recipe modification information utiliz 
ing the Second communication interface and Storing the 
process recipe modification information in memory; 

Overwriting at least portions of the baseline recipe infor 
mation in memory with the proceSS recipe modification 
information to form new recipe information; and 

processing the wafer utilizing the new recipe information. 
2. The method of claim 1 which further comprises steps 

of: 

receiving the baseline proceSS recipe information utilizing 
the user interface or the first communication interface. 
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3. The method of claim 2 which further comprises, prior 
to retrieving the baseline process recipe information: 

identifying the group of wafers to be processed; 
identifying a wafer in the group; 
identifying process recipe information for the group, and 

identifying proceSS recipe information for each process 
cell in the wafer processing System to be used to 
process the wafer. 

4. The method of claim 3 wherein the step of identifying 
process recipe information for the group comprises receiv 
ing information utilizing the user interface or the first 
communication interface. 

5. The method of claim 3 wherein the process recipe 
modification information is provided on a step by Step basis 
for a proceSS cell. 

6. The method of claim 1 wherein the process recipe 
information is received in an XML stream. 

7. The method of claim 3 wherein the process recipe 
modification information includes: (a) process cell index or 
ID; (b) process recipe step number; (c) process recipe Step 
parameter name; (d) parameter value; and (e) process recipe 

C. 

8. The method of claim 1 wherein the controller receives 
process recipe modification information and Sets an indica 
tor that Such information has been received. 

9. The method of claim 1 wherein the step of receiving 
process recipe modification information comprises receiving 
from a controller System that transmits process recipe modi 
fication information to a multiplicity of wafer processing 
Systems. 

10. The method of claim 1 wherein the step of receiving 
process recipe modification information further comprises 
first requesting the process recipe modification utilizing the 
Second communication interface. 

k k k k k 


